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mea&e to Fist Ldition

L am feellng very honoured at the lawnch of this first edition of “‘Champaran
Multidisciplinary journal of Research of L.N.D. College” whose wotive is to facilitate the
vesearch endeavours and publish the research outcomes from the rewmote area of East
Chawparan District, situated near the tndo-Nepal border region of ndia, This place is
famously known for the great “‘Chawmparan. Movement” by Mahatma Ganoht,

It Ls worth to note here that there is wot a single research journal being published from
this reglon of Blhav, because of which the Local scholars were unable to unfold thetr findings
on awn existing platform. The eminent scholars of L.N.D. College, Mottharl unanimously
dectded to introdluce a research journal where the variety of research works can be published
from different domnins of arts, sciemce, commerce, and literature. This historical step of
unveiling of journal, will no dowbt make acquaint the whole research community from all
over the world partieularly mdia and espectally Bihar with the novel tdeas and findings
from Champaran.

This multilingual and wultidisciplinary peer reviewed research journal shall be
published annually. The Research journal accepts the research wmanuscripts related to
National Education Policy, Educational Objectives, National Planning, Nanoscience and
nanotechnology, Health Science, Mathematical Development, Modern languages and
linguistics, Literature, Agroeconomics, Society and System. This journal is dedicated to
furnish the factual and informational requirements of vesearchers by offering thewm a
platform where they can do a Lot for satisfying their enthusiasm towards the research.
Champaran Multidiseiplinary Journal of Research of L.N.D. College offers free access to
public to come across the research innovations, thoughts, and creative findings.

L am very thankful to the B.R.A. Blhar university vice-chancellor Prof. H.P.
Pandey, Pro. Vice-chancellor Prof. Ravindra Kumar and all the members of the editorial
boardl who worked hard to wmake the jowrnal publish. 1 hope that this effort of us will be

fruitful to all and ( firmly believe the fact that “Labour never goes tn vain”.

From the pen of Editor-in- Chief:-
Prof. (Br.) Arun Kumar
Principal, L.N.D. College, Motthari
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Gandhian Economics

Dr. Kumar Rakesh Ranjan
Assistant Professor
Department of Political Science
Laxmi Narain Dubey College, Motihari
(A Constituent unit of B.R.A. Bihar University, Muzaffarpur)

Abstract:

This paper reveals that the most
important task of Gandhian economics has
been to define in a distinctive way Gandhian
object of economics which separates
Gandhian economics from the mainstream
economic tradition of Adam Smith. It is a
fashion to say that Gandhi has not been a
professional economist. Whatever Gandhi
has written about economics has not been
written in the language of economics. So,
the mainstream economics, known as
professional economists, tend to ignore
Gandhian contributions. But Gandhian
economics, whether it is called by that name
or by any other name, is gradually
occupying the imagination of thinking
people. This paper analyses the crisis that is
tormenting the mainstream economics, and
then we can understand why Gandhian way
offers a viable alternative.

Introduction:

Economics as a discipline had a
history of more than two hundred years. The
appearance of Adam smith’s book An
Inquiry into the Nature and Causes of
Wealth of Nations in 1776 is generally taken
as the beginning of economics. Adam Smith
defined the object of economics in the
following words. He said, “The object of the
political economy of every nation is to
increase the riches and the power of that
country.” To Smithian economics wealth
and power of a collective entity called
nation or state is the most important.
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Nation’s power increase with more and
more production. That being the primary
object of economics it ignored humankind
completely. Production increases
employment, employment increases income,
income increases demand, demand increases
and more productions. This is the chain of
developmental logic. Basing on this logic
there have been unchecked production.
Production is not based on need. Demand is
artificially created. Neither production nor
demand is based on spontaneity. That is why
production has seldom rationality. Gradually
a pessimism has grown about the future of
production-centric economy. There are a
number of valid reasons for this. Firstly,
growth rate is significantly coming down
globally. The affluence of Western Europe
and the United States has been decreasing.
Secondly, growth means reduction of
poverty. Today world-wide employment is
falling and unemployment is increasing. So,
the misery of laborer is on the increase.
Thirdly, inequality has been alarmingly
increasing. It has been found that the top 1
percent gets 90 percent of total income gain
in the USA and Europe. This trend is found
prevalent in all the developing economics.
Fourthly, wages have been falling. It was
found that level of education has increased
but the wage level has been falling. As the
economic crisis deepens labour becomes
flexible and labour market is becoming
deregulated. Labour has further become
dispensable due to technological innovation.
Now technology is used almost blindly.



Lastly, more important point is that with
indiscriminate production the problem of
scarcity of input in the form of raw material
is increasing. Industrial Revolution began
with abundance of mineral resources. They
are being now exhausted. The resource-rich
countries are fast becoming resource-poor.

During the latter part of the twentieth
century global economy has been
experiencing a new phenomenon. It is the
phenomenon of unification and competitive
globalizations of economy. This is a
development which took place in the last
two decades of twentieth century. Before
that the majority of countries were following
controlled economy. Following the model of
soviet economy and so-called welfare
economy almost all countries are practicing
protectionism in different degrees. As a
result, capital and technology remained
confined to a few developed countries.
Initially the developed countries prevented
them from exporting to less-developed
countries of Asia and Africa. Today the
developed countries are ready to transfer
both capital and technology to the less-
developed countries. This is new
phenomenon which has brought a new
character to world economy.

Another  development is  the
globalization means easy entry of any
country to trade and to build industry, to
invest and to have access to raw materials.
This is a neo-colonial device by the
developed countries to maintain their full
control over the world market. Production
needs expanding market. Rapidly
investment opportunity is shrinking. By
abolishing tariff barriers one can make the
whole world open for investment.

The demand for globalization and
liberalization came not from less-developed
countries but from developed countries. All
kinds of pressure tactics have been adopted
by the developed countries to compel the
less-developed countries to accept the
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globalization, liberalization and
privatization. The industrial countries try to
convince all other countries that

globalization is the compulsive necessity for
all. Their logic is that low growth economy
gets capital and technology from the
developed countries to build their economy
on high growth rate and the developed
countries get markets for their products.
They try to conceal the fact that whole
control of economy goes to the developed
countries.

The ultimate goal of globalization is
to sell more production. People today
demand more goods, not because their real
need have increased but because their
psychological prosperity to consume has
been increased through mass media. When
we examine production analytically, we find
that increasing production leads to waste of
resources, both natural and mineral. The
waste does not appear as waste because it
comes in the form of industrial and
consumer goods.

Commodity fetishism of technocratic
society has created a superstitious
psychology and erroneous notion regarding
progress and development. It can be said
that few people and few nations has become
rich. But the world has definitely become
poor. Apparently, the world seems to be
affluent. Wealth of a nation, as the
summation of goods produced in the
boundary of that nation, apparently shows
the sign of progress. Whereas taking the
total stick of global categories of global
resources have perceptively decreased.
Industrialization has made earth poor in
respect or natural resources, fossil fuel,
mineral resources, greenery, maritime
resources, sanitation health and ecology.

Production has created its own
problems. These are no organic relation
between production and needs. Production
does not grow out of needs. In industrial
society production has its own dynamism.



The dynamism arises out of scale of
production. The large-scale establishment is
the logical development of technology.
Economics of scale become a myth if
considered from human management.
Technology has a totalitarian connotation
which ushered in the role of technology.
Gigantisms is besieged with structural
problems besides many more social and
human problems.

The issue before the global economy
today is the production verses employment.
The important problem in the respect is the
problem of constant conflict between
production and employment. The goal
before the industrial unit today is the
maximization of employment. It is almost
axiomatic that more production leads to
more employment. But in the operative scale
production is growing at a much faster rate
leaving wide gap between the two. This has
been possible due to increasing reliance on
technology. Employment has become the
first victim of technology. Unbridled
production now marginally generated
employment. Technology after a certain stag
replaces employment. AT the same time
conceptually, we cannot think production
will ever go on increasing. Daniel Bell
pointed out: “Any growth which is
exponential must reach a point of
absurdity.” The crucial task is to find out
criticality of production point at which
technology does not replace employment.

Technology intoxicates the people.
Technology and technocratic view of society
ahs had a sweeping influence on the life of
the people. Hedonistic concept of
technology was never questioned. All efforts
have been made to ensure of private
enterprise. Competitive market economy has
started  replacing  social  well-being.
Protectionist measures are rejected in favour
of free trade. Subsidies as methods or
protection are discouraged. Losing concerns
are allowed to die. Profit-making has
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achieved inviolable sanctity in industrial
theology. Government interaction in support
of the weaker sections of society is not
favored. Labour is treated in a cruel manner.
Gradually collective bargaining is not
allowed. Job security is totally denied. To
declare lock-out in an industry is the
prerogative of management. Management
has no responsibility to consult the workers
lay off at any time is permitted but the strike
is not justified. Disinvestment has become a
new religion of industry giving farewell to
public sector.

Market economy  believes in
capturing market by ruthless elimination of
rivals and conquering their income. Market
economy quickly converts this wealth in
furthering inequality. Through mutual funds
people are forced to become involuntary
investors in business. By accumulating small
savings, business houses collect huge funds
from investment. This wealth further
generated inequality. Capitalism  grew
through the classical accumulation process.
It is acquired through a gambling house
called stock exchange. Money market is a
corrupt economy made more corrupt by
gambling effect of stock exchange having
wide linkages all over the world through
similar stock exchanges makes the money
market a closed system. So the small
investors are helpless in relation to corporate
bodies.

The functionality of the competitive
market economy is argued in terms of its
cost-efficiency and service-efficiency. The
claim is based on doubtful evidence. There
are literatures which are purposefully made
to prove that market economy is better in
terms of efficiency. The methodology used
for measuring  efficiency has its
shortcomings. It failed to take into
consideration the imperfection of market. It
is silent on market failure. Studies of some
companies in different parts of the world are
now available. In these studies, some



companies in different parts of the world are
now available. In these studies, some
selective indicators for the assessment of
efficiency are taken. The selective indicators
have been labour productivity, total factor
productivity, enterprise profits and growth in
value-added per employee. The criteria are
chosen almost arbitrarily. IN these
categories welfare criteria are shrewdly
avoided. Private companies operate only in
the fields where profits are high and risks
are low.

When we talk of efficiency, we need
to be clear what we mean by efficiency.
Efficiency may mean efficiency for earning
profits for business houses. In that sense
efficiency does not bring any benefit to
public. It does not bring efficiency at social
level or ecosystem. Efficiency is a highly
loaded word. Nuclear sources of energy may
be a highly efficient source of energy, is it
efficient for environment? In the name of
efficiency when there is huge lay-off, we
cannot take it as efficiency.

All the same time, enormous
problems are developing in the agricultural
field in India. Indian agriculture is a
combination of capitalist agriculture and
peasant agriculture. Myron Weiner has
defined them in the following way in his
book. The Indian Paradox: ‘“Capitalist
agriculture is considered as production for
market and for profit, without regard to
whether wage labour is employed or how
much mechanization there is, and peasant
agriculture is a form of production which
does not go to market for profit.” Gradually
competitive market economy has entered
into Indian agriculture with the system of
patent rights. Through the system of patent
rights, a speculative element has entered into
our peasant economy. There is a threat that
controlling position in agriculture will go
out of peasants’ hands. Marx did not
exaggerate when he said that capitalist
agriculture was not only a move towards
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robbing the labour but also robbing the soil,
because both farm products and non-farm
products will gradually come under the
control of the speculative elements. There
may be difference and distinction between
ownership and control of assets. The farmers
may own the assets but for all practical
purpose they may not fully control the
assets.

It is therefore no more axiomatic to
hold that industrialization will bring
prosperity, efficiency and progress in the
society. On the other hand, there are enough
indications  that  industrialization an
indiscriminate production rapidly
impoverishes the world. The present world
will gradually find an unusual severity of
economic crisis which according to
Schumpeter, is caused by vanishing
investment opportunity. Gradually all big
thing started appearing ugly and the small
looked beautiful. The shadow of smallness
is haunting the world.

Analysis of the study:

Here comes the importance of
Gandhian economy. If we look at global
economy analytically, it becomes difficult to
say that the people are engaged in economic
activities only to increase wealth of their
nations. Wealth of their nations. Wealth of
nations in economics is estimated in terms
of the Gross National Products (GNP). By
exploiting more and more natural resources
GNP is increased. What is development? Is
it more and more production only?
Development should have some relation
with human values and human qualities. It is
said that human quality does not improve as
long as poverty and misery remain. Then the
question can be raised, in terms of human
quality are the developed countries in any
way better? Are the rich countries going
towards good society or same society? We
are more concerned about decline of profit
of business houses. We are less concerned



about degradation of human quality. As if
profit is development, human quality is not.
To Schumacher “Development does not start
with goods, it starts with people....” We
have been able to create prosperous
countries are in no way good societies. Both
poverty and prosperity degrade.

That is why Gandhi advocated
neither an affluent nor a poor society.
Gandhian paradigm of development is based
on this principle. This can be called an
economy of Swaraj-an economy of self-
reliance. Economic activities cannot be
abstracted from human life. Long ago this
was systematically argued by Sismondi. He
said the real object of economics should be
man. To give importance to wealth and to
ignore the human being is to distort the goal.
He propounded a theory in which he said

that distribution must combine with
production. Gandhi’s design moved in that
line. Gandhi also wanted to ensure

distributive justice and wanted to see that
production and distribution were to be
simultaneous. Sismondi realized the danger
of over-production. That was why he wanted
to employ the state in curbing production.
Gandhi was attracted by the concept of a
simple society of Tolstoy and Ruskin.

The basic hypothesis of the
Gandhian system is “Earth provides enough
to satisfy every man’s need but not for every
man’s greed”. Global system makes
common people completely helpless in the
matter of production and distribution.
Gandhi visualized that it can be solved
through the choice of technique of small-
scale production and through the system of
Swaraj. Swaraj 1is necessary for the
liberation of weaker economics from the
commanding  position of  developed
countries. Weaker countries were vainly
struggling to achieve the level of growth of
developed countries. The growth rate of the
developed countries will attain that level. It
is equally doubtful whether the developed
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countries can sustain that impressive growth
rate. It is to be realized that colonial
foundation of the Iliberal economy is
gradually coming to an end. Economic
leadership of the west being eroded.
Comparative performance of the countries is
only marginally meaningful.

The dangerous game of competitive
affluence should be abandoned. It is
becoming compulsive for the survival of the
economy. Productivity is still based on
overcapacity, which creates the crisis of
survival. The concept of Swaraj is not an
idealistic design. There is need for new
conceptual framework in which each
country attains Swaraj. In Gandhian system
every country stands on its own strength.

The components of Swaraj are on
two independent variables psychology and
ethics. Since resources are scarce,
production cannot be increased indefinitely.
Psychology of affluence is an irrational
phenomenon. The Basic principles of
economic activity are based on needs and
not on affluence. Affluence breeds
inequality, as it is based on economic
distortion. Greed grows out of desire to be
affluent. Human desire can be expanded to
unlimited scale. This is true. But human
desire also can be reduced. This is also
undeniable. The crucial role is played by
psychology. Values which condition the
mind can change human behaviour. The
goal of Swaraj brings limits to human wants,
and it also limits monetary gains. In the
present economic system even after a very
impressive turn over, no one says he can
stop now, that he has enough. Enough is a
word not to be found in the dictionary of
economics.

To Gandhi economic activities are
not excluded from other activities. Economy
is a part of the way of life which is related to
collective mind and collective values.
Economic activities cannot be abstracted
from human life. Gandhi wanted to ensure



distributive justice and wanted to see that
production and distribution were not
separated. The danger of unchecked
production has produced a number of
complex problems rooted in economic,
social and environmental life. Economics of
Swaraj is related to total life.

If economic Swaraj is taken to be the
goal it is necessary to determine the
ingredients on which it is based. First
Gandhi put adequate importance to
traditional sector. Highest priority is given
to agriculture and agro-centric industries.
The balance between primary, secondary
and tertiary sectors should be skillfully made
on the basis of available human resources.
Direction of development is also very
important. Directionless development, in the
present form, ends in crisis. Two, villages
must get more importance than cities. It is a
dogma to say that by shifting population
form traditional sector to industrial sector
the problem of unemployment can be solved
in the less developed countries. This idea is
based on colossal ignorance. For example,
India has about 627 thousand villages and
only four thousand urban centers. It is
absurd to believe that the swelling
population of 627 thousand villages will be
employed in four thousand cities. It is
equally absurd to believe that by transferring
population from village to cities everybody
will get factory employment.

Gandhi advocated wide use of
technology of being self-reliant. To make
village self-reliant Gandhi said, “There
would be no objection to villages using even
the modern machines and tools that they can
make and can afford to use.” In fact, he was
in favour of giving technology to everyone.
His plan was to take technology to the grass-
roots level. In his scheme human beings
control technology and technology does not
control the human beings. His policy of
increasing human skill in the furthest corner
of the country was visualized by bringing
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qualitative changes in socio-economic field.
The method was Basic Education. Gandhi
wanted to develop the foundation
technology in every part of the country
through Basic Education.

The enormous complexity of
productive apparatus of present industrial
society fails to develop inner capacity to
sustain moral problems. It wrongly
emphasizes ethical neutrality of productive
method. Social and moral consequences of
economic activities are unreasonably and
arbitrarily excluded from welfare concept.
Welfare cannot always be determined in
quantifiable terms. It should be conceived in
totality, in terms of integrity of individuals.

Gandhi’s  position  should be
understood in this perspective. In the past
agrarian economy declined under the
transformation. Structural transformation is
hailed by them for it has liberated economy
from the bondage of feudalism. But still
there are more than two million villages in
the world and the number of cities is only
few thousand. Few thousand cities cannot
give employment to the people of two
million villages.

In this regard it is interesting to
quote Marx to find how Gandhi and Marx
came close to each other. In German
Ideology which Marx wrote jointly with
Engels and published in 1845-46, they
mentioned that in communism “(It is)
possible for me to do one thing today and
another tomorrow, to haunt in the morning,
fish in the afternoon, rear cattle in the
evening, criticize after diner, just as I have a
mind, without ever becoming hunter,
fisherman, shepherd or critic.” Such a
simple society is close to Gandhian village
system where division of labour does not
exist. Marx’s communist society can come if
the society becomes simple idyllic in nature.
So again, in the The Critique of the Gotha
Programme, Marx wrote:



The enslaving subjugation of
individuals to the division of labour, and
thereby the antithesis between intellectual
and physical labour has disappeared...when
the all-round development of individuals has
also increased their productive powers and
the springs of cooperative wealth flow more
abundantly....

Marx like Gandhi believed in need-
based consumption. He announced his
maxim, “from each according to his
abilities, to each according to his needs.”

Performance of Gandhi’s system can
be tested by the application of seven criteria.
The seven criteria are:

. eradication of poverty and
minimization of affluence

. Self-sufficiency of every unit
in basic needs

. Identification of human needs
and their fulfillment

. Agro-centric economy as the
basis to create economy of
permanence

. Need-based production as far
s possible through small-sale units

. Check on distortions through
basic education and skill formation,
and

. Curtailment of concentration

of economic power.

The value-judgment of Gandhian
system is quite clear. Here the criteria of
performance are different from mainstream
criteria, In Gandhian criteria, what is
produced are to be judged along with how it
is produced. Its buoyancy depends upon
restructuring the rural economy. Gandhi
observed: “You cannot build non-violence
on a factory civilization, but it can be built
on self-contained villages.... You have,
therefore, to be rural minded. You can be
non-violent, and to be rural-minded you
have to have faith in the spinning-wheel.”

. Productivity and Technical

Change in Food grains (Renu
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Conclusion:
The above discussion shows that
Gandhi is one of the pioneers of

interdisciplinary approach to economics. In
his thought economics cannot be separated
from health, and health cannot be separated
from sanitation, and sanitation cannot be
isolated from nutritious food, etc. In his
thinking all these standing close relation
with each other.

Those  who call themselves
pragmatic feel that there is an overtone of
idealism is Gandhi. So, it is thought, that his
system has a doubtful applicability. His
hypothesis is never tested. There is a
tendency to reject it without verification.
The fact is the present system of economy is
dominated by vested interests. Whether
Gandhi’s ideas will be accepted or rejected
largely depends on availability of raw
material. To call Gandhian economy an
ideal system is to ignore what is real. Reality
changes with the necessity of life. Without
entering into a philosophical polemics, it can
be said, reality is not always real. The
system which cannot be sustained is not real.
The permission of global competitive
generates optimism of Gandhian economy.
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Abstract:

The emerging field of tissue
engineering (TE) intends to restore damaged
tissues by combining cells from the body
with highly porous scaffold biomaterials,
which act as templates for tissue
regeneration, to guide the growth of new
tissue. This review article illustrates the
practical requirements and types of materials
used in developing state of the art of
scaffolds for tissue engineering applications.
Specific advantages of polymer composite
biomaterials in selected applications are also
highlighted. It also describes the challenges
and where future research and direction is
required in this rapidly advancing field.

Keywords: Tissue engineering, polymer
composite, biomaterial.

1. Introduction:

Due to speedy advancement in
novel biomedical technologies, including
regenerative medicine, gene therapy, tissue
engineering and controlled drug delivery,
new materials are being developed to meet
specific needs of these fields [1-4].
Conventional single-element ceramic
or polymer materials cannot suit the overall
requirements. There is a need to obtain
materials satisfying several sophisticated
functions at a time to fulfill the basic
requirements  such  as biodegradability,
biocompatibility, appropriate mechanical
properties [5-7].
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For regenerative medicine research
and tissue engineering, Scaffold design and
fabrication are very interesting and
important issues. Scaffolds are playing an
significant role in tissue regeneration and
repair. In the last decades, many researchers
have been working to develop potentially
applicable scaffold materials for tissue
engineering [8-10]. Scaffolds are defined as
three-dimension porous solid biomaterials
designed to execute anyone or all of the
following purposes: (a) endorse cell-
biomaterial interactions, ECM deposition,
and cell adhesion, (b) allow sufficient
transport of nutrients, gases, and regulatory
factors to allow cell survival, differentiation,
and proliferation, (c¢) biodegrade at a
controllable rate that approximates the rate
of tissue regeneration under the culture
conditions of interest, and (d) provoke a
minimal degree of inflammation or toxicity
in vivo [11]. Synthesis of novel scaffolds
with optimal characteristics, like strength,
rate of degradation, porosity, and
microstructure, as well as their shapes and
sizes, are being much popular nowadays.
Scaffold materials can be natural or
synthetic, degradable or non-degradable,
depending on the intended use [12].

Natural polymers, synthetic
biodegradable, and  synthetic  non-
biodegradable polymers and different

ceramics are used as biomaterials. Natural
polymers  with  outstanding bioactive
properties having better interactions with the



cells which allow them to enhance the cells’
performance in biological systems are the
blazing area in scaffold research. Synthetic
polymers are highly wuseful for their
mechanical properties in the biomedical
field since their properties like porosity,
degradation time for specific applications
[13]. Synthetic polymers are often cheaper
than the others as biologic scaffolds. It can
be produced in large scale with uniform
quantities and having a long shelf time. Still,
their biocompatibility and biodegradability
are often insufficient and limiting clinical
potential. We can surely prevail over these
issues by blending synthetic and natural
polymers or by wusing nano composite
materials with better scaffold properties. We
can control its degradation and improve
biocompatibility for tissue engineering
applications [8]. The combination of
degradable polymers and inorganic bioactive
particles represents the approach in terms of
achievable mechanical and biological
performance in hard as well as soft tissues.

Composites or blended material
containing both synthetic and biodegradable
polymers will impart novel physical
characteristics to the materials which can be
used for scaffold applications.
Polycaprolactone (PCL) and Cellulose
acetate (CA) are two biocompatible and the
combination of synthetic and natural as well
as hydrophobic and hydrophilic polymers
respectively. Cellulose acetate (CA) is the
most important biopolymers due to their
biocompatibility,  biodegradability = and
renewability [14]. Polycaprolactone (PCL)
has more diverse uses than any other
polymer because of its excellent physical
properties like ease of fabrication with a
variety of equipment, low degradation rate
and flexibility [9]. PCL is commonly used as
a long-term drug or vaccine delivery
medium due to the slow degradation, high
permeability and non-toxicity in many
drugs.
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In the field of tissue engineering,
biocompatible nanoparticles (NP) possess
strange physical properties and provide
several striking possibilities because of their
dimensions, ranging from a few nanometers
up to tens of nanometers [15]. Their sizes
are close to or smaller than those of a
protein, a virus, a cell or a gene. They have
potential uses in medical devices or as a
drug carrier for the novel drug delivery
industry. It is important to understand how
NP interacts with cells and specifically with
red blood cells (RBC), which have a central
role in the realization of blood functions.
Numerous studies reported that they have
examined  nanoparticles ~ with  RBC
interaction. We have concentrated on NP
doped composite polymer synthesis process
and its biomedical application study.
Specifically, oxide nanoparticles like TiO2,
Si02, ZnO combined with the polymer
increases its adsorbent properties and even
renders it suitable for biomedical
applications as an antibacterial agent [16].

2. Overview:

Tissue engineering (TE) is rapidly
evolving disciplines which try to find to
repair, replace or regenerate tissues or
organs from the field of
suitable biomaterials development [20]. In
tissue engineering (i.e. soft or hard tissue),
scaffolds must have own appropriate
properties and  structures.  Generally,
polymers or ceramic materials are either too
brittle or too flexible [21]. Therefore,
research attention has been primarily
focused on the improvement of polymer-
based nano composite scaffolds consisting
of polymers reinforced with inorganic
ceramic for bone tissue regeneration [21].

Compared with polymeric structures,
polymer-based composite scaffolds possess
enhanced mechanical properties, with better
flexibility and structural integrity than
ceramic scaffolds. In this framework, the



mechanical performances clearly play a key
role for hard tissues such as bone which are
stronger (higher strength) and stiffer (higher
elastic modulus) than soft tissues [22].

Figure 1: leferent types of scaffolds for
tissue engineering

Generally, Biological scaffolds are
derived from human, animal tissues and
synthetic scaffolds from polymers. The
biologically active scaffold was first
synthesized in 1974. Its degradation
behavior was exceptionally low. The first
patent describing these scaffolds was
granted in 1977. In 1980, the detailed
discussion about synthesis principles of
biologically active scaffold and the critical
importance of the degradation rate was
described. In 1981, 1. V. Yannas and group
first reported about the induced regeneration
of tissue in an adult (dermis) by a scaffold in
animals and humans. In the same year, J. F.
Burke, O. V. Yannas, and W. C. Quinby Jr
successfully discovered the artificial skin for
burn injuries. JP Vacanti et. al. reported that
synthetic degradable polymers can be used
as templates for cells to form permanent new
tissues in 1988. E. Piskin discovered
biodegradable polymers in 1994 [23-25].
C. Agrawal, G. Niederauer, D. Micallef, K.
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Athanasiou first reported the use of PLA-
PGA polymers in orthopedics in 1995.
Zhang et. al. in 1999, reported that Poly(a-
hydroxyl acids)/hydroxyapatite = porous
composite foams showed a significant
improvement in mechanical properties over
pure polymer foams. The scaffold must have
good mechanical properties and degradation
rate with the bioactive surface to promote
the rapid regeneration of the tissue [26].
Many researchers proved that polymer
composite materials may be much more
promising  scaffolds for  bone-tissue
engineering. Polymer blends are an effective
way to create new materials. A few
parameters should be controlled for the
synthesis process. Thermodynamic
parameters are responsible for this type of
polymer—polymer interactions like
miscibility, adhesion and interfacial
energies. Although there are a number of
studies about the miscibility of polymer
blends [27].

3. Future Directions and Scope:

Biomedical research persists to explore
novel scientific leading-edge technology for
diagnosing, treating, curing, and preventing
diseases at the hereditary and molecular
stage. Tissue engineering sector has grown
exponentially, with increasing numbers of
products entering the marketplace and into
clinical trials, and with sales of regenerative
biomaterials already exceeding US$240
million per annum [29]. Momentous
progresses have been made in the clinical
use of medical implants and medical
devices. Presently, the design and
fabrication of ceramic and polymeric
scaffold materials are very popular to obtain
desired, specific, and timely responses from
surrounding cells and tissues. To meet the
demand of organs and tissue parts
replacement will continue to drive advances
in tissue engineering research.
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Figure 2: Various application of different polymer composite biomaterials [28]

Polymer scaffolds have all the potential to

control the physical and chemical
surroundings of the biological system. There
are various advantages to use the
combination of natural and synthetic

polymer in tissue engineering. Despite these
recent improvements, future research is
needed to triumph over many remaining
limitations in the fabricating process of
scaffolds. A wide range of new materials
will be explored in various tissue
engineering applications. The challenges in
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scaffold design and fabrication gives
opportunity for new exciting application-
oriented research in scaffold design. These
multidisciplinary research areas are new and
the opportunities for improving human
health in a whole variety of areas are
immense. It includes material selection,
surface topography or chemical cues,
structural, biocompatibility,
biodegradability, mechanical properties,
directing cell function and induced
formation of natural tissue [30]. These



findings encourage new hopefulness and a
reconsideration of the potential for tissue
engineering. Future hope, findings of
polymer nano composite based ideal
scaffolds for advanced tissue engineering is
the biggest challenge. Unquestionably
exciting times lie ahead in this field, which
is only now beginning to describe itself as
more technologies enter the clinical and
commercial arenas.

This study may be considered as a
first step of a future multifaceted work with
the aim of designing three-dimensional
nanoparticle doped composite polymer
scaffolds for bone tissue engineering.

Acknowledgement:

I express my heartfelt gratitude to
Prof. D. Arivuoli, Crystal Growth Center,
Anna University, Chennai, for his constant
encouragement and guidance throughout the
course of this research work. I am also
thankful to Indian National Science
Academy, B.R.A. Bihar  University,
Muzaffarpur and L.N.D. College, Motihari
for support.

References:

1. O'Brien F., Materials Today, (2011) 14, 3.
2. Langer, R., Acc Chem Res, (2000) 33, 94.
3. Atala, A., Rejuvenation Res, (2004) 7, 15.
4. Bonassar, L. J., and Vacanti, C. A., J Cell
Biochem Suppl., (1998) 30-31, 29.
5.Venkatesan J., Bhatnagar 1., Manivasagan
P., Kang K.H., Kim S.K., Int. Journal of
Biological Macromolecules, (2015) 72, 269—
281.

6. Smith, L. A., Liu X., Ma P. X., Soft
Matter, (2008) 4, 2144—2149.

7. Wang C., Shen H., Tian Y., Xie Y., Li A.,
JiL., Niu Z., Wu D., and Qiu D., ACS Appl.
Mater. Interfaces, (2014) 6, 13061—13068.

8. Gloria A, De Santis R, Ambrosio L, J.
Appl. Biomater. Biomech., (2010) 8, 57-67.

13/81

9. Gloria A, Russo T, De Santis R,
Ambrosio L. J. Appl. Biomater. Biomech.,
(2009) 7, 141-152.

10. Burg KIJL, Porter S, Kellam JF,
Biomaterials, (2000) 21, 2347-2359.

11. Dhandayuthapani B., Yoshida Y., Toru
M., and Sakthi Kumar D., International
Journal of Polymer Science, (2011) 290602,
1-19.

12. Ma P. X., Materials Today, (2004) 7, 5,
30-40.

13. Gunatillake P., Mayadunne R., and
Adhikari  R., Biotechnology, Annual
Review, (2006) 12, 301-347.

14. Yoshiharu Ma, Tetsuya Suzuki and
Yoshiyuki Nishio, Cellulose, (2002) 9, 215-
223,

15. Pooyan P., Tae Kim I, Jacob Karl I,
Tannenbaum R., Garmestani H., Polymer,
(2013) 54, 2105-2114.

16. Tsarenko S.A., Kochkodan V.M,
Potapchenko N.G., Kosinova V.N., and
Goncharuk V.V., Russ. J. Appl. Chem.,
(2007) 80, 586.

17. Das C., Gebru A. K., J. Inst. Eng. India
Ser. E, (2017) 98(2), 91-101.

18. Luigi C, Paola L, Mario M, Orsolina P,
Gianfranco P, Bio macromolecules, (2008)
9, 1527-1534.

19. Min BM, Jeong L, Nam YS, Kim JM,
Kim JY, Park WH, Intl J Biol Macromol,
(2004) 34, 281-288.

20. Chiari C, Koller U, Dorotka R, Eder C,
Plasenzotti R, Lang S, Osteoarthrit C,

(2006) 14, 1056-65.

21. Mondrinos MJ, Dembzynski R, Lu L,
Byrapogu VKC, Wootton DM, Lelkes PI,
Biomaterials, (2006) 27, 4399-408.

22. Sowjanya J.A., Singh J., Mohita T.,
Sarvanan S., Moorthi A., Srinivasan N.,
Selvamurugan N., Coll. Surf. B, (2013) 109,
294-300.

23. Yannas I. V., Burke J. F., Huang C., and
Gordon P. L., Polymer, (1975) 16, 209-214.
24. Yannas 1. V., Burke J. F., Gordon P. L.,
and Huang C., US patent, (1977) 4060081.



25. Yannas I. V. and Burke J. F., Journal of
Biomedical Materials Research, (1980) 14,
1, 65-81.

26. Nair L. S. and Laurencin C. T., Progress
in Polymer Science, (2007) 32, 8-9,762—798.
27. Su J, Chen L, Li L. Afr J Biotechnol,
(2012) 3, 694-701.

28. Meiszterics A and Sinkd K., Colloids
Surfaces A, (2008) 319,143-148.

29. Lysaght M.J., Jaklenec A., Deweerd E.,
Tissue Eng Pt A, (2008) 14, 305-315.

30. Barlier V., Bounor-Legare V., Boiteux
G., Davenas J., Leonard D., Applied Surface
Science, (2008) 254, 5408-5412.

14/81



A computational approach for local fractional Fokker-Planck equation arising
in fractal statistical mechanics

Ved Prakash Dubey! and Sarvesh Dubey %"
'Faculty of Mathematical and Statistical Sciences, Shri Ramswaroop Memorial University,
Barabanki-225003, Uttar Pradesh, India
“Department of Physics, L.N.D. College (B.R. Ambedkar Bihar University, Muzaffarpur),
Motihari-845401, Bihar, India

Abstract

This paper investigates the solution and
behaviour of local fractional Fokker-Planck
equation (LFFPE) in fractal media. For this
purpose, the local fractional natural homotopy
perturbation method (LFNHPM) is employed
to explore the solution of LFFPE. The
suggested technique is a blend of local
fractional homotopy perturbation method
(LFHPM) and local fractional natural
transform (LFNT). Some examples of LFFPE
are illustrated to depict the applicability of the
employed method with graphical simulations
on Cantor set. Furthermore, the achieved
solutions are also in a good match with
previously evaluated results.

Keywords: Local fractional Fokker-Planck
equation; Local fractional derivative; Local

fractional natural transform; Cantor set;
Mittag-Leffler function
Mathematics Subject Classification:

26A33,26A27,26A30, 28A80, 35R11

1. Introduction

The local fractional calculus was developed
almost two decades ago to handle fractal
phenomenon and nondifferentiable functions
efficiently in a field of science and
engineering. Babakhani and Gejji [1] studied
and developed the calculus of local fractional
derivatives (LFDs). Furthermore, Yang [2, 3]
extended the concept of LFDs and local
fractional calculus. In recent years, various
local fractional methods have been
established to solve and investigate the
models and equations involving LFDs e.g.
see, refs. [4-11]. Moreover, the local
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fractional Schrodinger equation [12], local
fractional Laplace equation [13], local
fractional wave equation [14], local fractional
Poisson equation [15], local fractional
transport equation [16], local fractional heat
conduction [17], fractal vehicular traffic flow
[18], were also solved and investigated. In
this way, the local fractional Fokker-Planck
equation (LFFPE) has attracted the attention
of researchers in the past years. The
utilization of the Fokker-Planck equation
occurs in distinct streams of natural sciences,
including thermal physics, chemical physics,
circuit theory, quantum optics, and solid-state
physics [19, 20]. This equation was first
founded by Fokker and Planck [21, 22] which
characterizes the particle’s Brownian motion.
It depicts the change of probability of a
random function in time and space. Tarasov
[23] suggested the fractional Fokker-Planck
equation in a fractal medium. The Fokker-
Planck equation with local fractional
derivative on a Cantor set was also presented
in [20, 24, 25].

The LFFPE with LFDOs on the Cantor set is
described in [24, 25] as

0'$@,0) " ¢(,0)

006" ow’
0% d(w,
aigii ),0<7/§1 (1)
& in [26] as
" ¢(@,0) 0" ¢(@,0)
=0,(,0)
007 : dw’



Y §(,0)
o0

where ¢(a),0) specifies an unknown function

+0,(0,0) 0<y<1l (2)

and o,(0,0) & o0,(w,0) denote given
functions.

In recent years, various local fractional
techniques were applied to the LFFPE e.g.
local fractional variational iteration method
(LFVIM) [24] and local fractional Adomian
decomposition technique [25], local fractional
Laplace decomposition method (LFLDM) and
local fractional Laplace variational iteration
method (LFLVIM) [26], local fractional
reduced differential transform  method
(LFRDTM) and local fractional series
expansion method (LFSEM) [27], local
fractional Mohand Adomian decomposition
method (LFMADM) [28]. More recently,
Deng and Ge [29] investigated the fractional
Fokker-Planck equation in a fractal medium
via  Fourier transform and Darboux
transformation. The prime objective of this
article is to apply the local fractional natural
homotopy perturbation method (LFNHPM) to
solve the examples of LFFPE with local
fractional derivative operator (LFDO). The
employed method is the merger of local
fractional homotopy perturbation method
(LFHPM) [4, 5] and local fractional natural
transform (LFNT) [30] suggested by Maitama
[30] in 2018. The LFNT is important in the
sense that it presents the general form of local
fractional Sumudu and Laplace transforms.
Moreover, the numerical simulations are also
presented for each of the examples for the
fractal order In2/In3 with the help of
MATLAB software. The remaining portion of
the paper is organized as follows: Section 2
provides a quick view of definitions and
formulae of LFDs & LFNT. In Section 3, the
basic procedure of the LFNHPM is illustrated.
Section 4 is devoted to the application of
LFNHPM to LFFPE along with simulation
for the fractal order. Finally, Section 5 reports
the conclusion.

2. Preliminaries: Local fractional integral
(LFI), LFD and LFNT
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Definition 1 [2, 3]. Let (kl,kz) be the interval

and  Af=max{At,,At,,AL,,AL,...} be a
partition of (k. k,) with (z,,¢,,,)
a=0,..,N-1 , t,=k , ty=k, with
At, =t,, —t,. Now, the LFI of ¢(a)) is
stated as
17 g(w)=——[" plear
S L)
1 1 N-1 , 3
= 1 A
r(1+y)A£n>o;) o)) (3)
Definition 2 [2, 3]. The Mittag-Leffler
function in fractal space is given by
Efo)=3—2"  0<y<l )
o)=Y —, 0<y<l1.
4 q=0 l—‘(1 + q7)

Definition 3 [2, 3]. The sine & cosine
functions in fractal space are defined as

Sin (0)= S £ 20y
o )= (-1 ——————— 0<y<
i = T+ (2g+1))
© 2qy
Cos (0" )= (~1) =2 : (5)
o) ;( I(1+2qy)

Definition 4 [2, 3]. The local fractional
derivative of ¢(w)e C, (k,,k,) of order y at

@ =, is presented as

DIg(o,)- %(w) = (@),
_ N({?(w)—é’;(%»’ < (k,k,), (6)
where 0

AN (¢ (w) - ¢(a)o )) = F(?’ + 1)(¢ (a))— ¢(a)0 ))

The formulae of LFDs and LFIs for some
functions utilized in this work are described in
refs. [2, 3] as follows:

D’ ad(w)=aD’ #(w), ais any constant.

D;[F(lciquy)}

(g-1)y

T+ (g-1)p)

geN,



Ey(a)y),
DZ(Siny (a)’ )): Cos, (a)y),
D (Cos, (@ )= ~Sin, o).

DE, (o )=

[y( " j a)(q+1)7
“\T(+qgy)) TU+(g+1)y)’

where @’ symbolizes the Cantor function.

geN,

Definition 5 [30]. The LENT of the function
¢(a),9) of order y is expressed by the
integral as follows

"N, [#(@.0)]= 4, (@.5.u),

0<y<l, (7)

and the corresponding inverse LENT “"N !

1s formulated as

NS, (@,5,u)|= ¢(@,0)

1 pio [ 576G
= E ,s,u\ds
Q2zi) L"’“’ 7( u’ J ( Yas) .
0<y<l, (®)
where u” and s” symbolizes the LFNT

variables and p signifies a real constant. The
integral in definition of inverse LFNT is taken
along s” =p in the Argand plane. It is
notable that the LFNT takes the form of the
local fractional Laplace transform (LFLT) for
u =1 and local fractional Sumudu transform
(LFST) for s =1.

Some properties of the LFNT are given
below:

Proposition [30]. The LFNT of a local
fractional derivative is defined by

qr

N[ (0.0)]= 214, (0.5.0)

#)(,0). (9)
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Some useful formulae and other features of
LFNT can be seen in [30].

3. LFNHPM: Basic approach

This segment presents the basic steps of the
LFNHPM.

For illustration of the fundamental approach
of LFNHPM, the local fractional partial
differential equation (LFPDE) is taken as
follows

L, §(0,0)+P, 4(0,0)+0, ¢(,0)=A(w,0),
O<w<l, 0<O<1, (10)

qar

where L, = symbolizes the linear

9‘17
LFDO of order gy,
FDO of general nature in @ and 6, O,

P

, signifies the linear

signifies the nonlinear differential operator in
w and 6, o and 6 are independent
variables, 9(w,0) indicates the local

fractional unknown function, and A(a), 49) is
nowhere differentiable source term.

Now, the fundamental approach suggests the
implementation of LENT “" N on Eq. (10)

YN [, ¢(@,0)}+ N, [P, (w,0)].

+N [0, ¢(0.0)FN, [A 0. 0)] (11)

Using the property of LENT for LFDs in Eq.
(11), it follows

qul

5 ,s, u o ZS a) 0)
e gyl
+%(LFNy[A(CUa9)])
(N[ g0 00N [0, #(0.6)).
(12)
where
5 (o073, o0

Taking the inverse LENT “"N' of Eq. (12),

we have



qr g1 g

A e )

+LFN7_I[%(LFN7 [A(@,0)] )j

ey (_(N [P, §(.0)
+N [0, ¢(2.0)])).

or

1 (g=k=1
u? 4 S(q )4

_Zw(m(a)’o)

i

o (0w

_LFN;I (%(LFN;/ [Py ¢(a),6’)]
+N,[0, ¢(0,0)])) (13)

#w,0)=

Now, the LFHPM [4, 5] suggests the
following steps: ¢(a), 0) is expanded into a

power series of X as @(w,0)= ZN”%” (0,0)
n=0
& the nonlinear part is decomposed as

0, ¢(0,0)= ZN’”H , where Ne(0,1)

signifies an embeddlng variable, and H  (¢)
symbolizes He’s polynomial expressed as

H,($y.4,,-8,)
e

1 0"
(n7+1) ON"
(14)
Substituting the values of ¢(w,0) and
o, ¢(a),¢9) into Eq. (13), the homotopy

equation is formed as

n=0,1,2,..,.

. u? 4=l glak-y )
;N ¢n(a),¢9)=7;W (2,0)
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q

+N7 (

("N, [A(0.0)] )j

oo o o)

[ S ) ].as

O;

.

n=0

which is the copulation of LFHPM and
LFNT.

Now, comparing of the coefficients of same
powers of & in Eq. (15) provides

- k-1
u? 4 S(q )4

e Z ylak) ¢ ) (/1’ 0)

qr
S k=0

N’ 4, (0,0)=

o oo

N7 i, (0,0) =N (”—(N [P, 4, (,0)
+Hy(9)]),

N (0.0)=" N [S—(N 7, 4 (.0)

+H,(¢)]),
(16)

& so on.

Finally, the solution of Eq. (10) is given as

H,0)= }vig;ﬁm (,6). (17)

4. Application of LFNHPM for LFFPEs
Example 4.1: The following LFFPE with
LFDO is considered

2
0'h.0) _0dwb) b))
00" ow” o™
0<y<I.
subject to the initial condition
H@,0)=E (o). (19)



: LF
Employing the LFNT operator ~ N, on Eq.
(18), we get

o (2800 (2]

00" oo’

Now, the implementation of formula of LFNT
for LFD in Eq. (20) provides

u u ow”

%a(wasau)_%¢(CU,0)+LFN7(M]

2y
_LFNy(a a¢a()czo; 0)

j:O.(Zl)

After rearranging the terms, we get

u ey (aw(a), e)j

ow’”

: u’ LFN{@ZVZGEE%Q)} (22)

Now, further simplification in view of initial
condition (19) reduces Eq. (22) as follows:

(e

Y 1 u’
¢(w’s’u)zs_7E7(_ a)7)__LFN 80)7

S}/

Taking the inverse LFNT “"N S " of Eq. (23)

gives

¢(a),0) =E, (— a)y)
s” oo’

i LFN;I [ﬂLFNy [ 627¢(a)’ H)JJ (24)

Now, the methodology of LFHPM [4, 5]
generates the homotopy equation as
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i&”y 9, (a),9)= Ey(— a)y)

n=0

0

. [ofsssimal
LF 77-1 LF n=0
-N"N, o N,

ow’”

0

. a”{Zw ¢, (@, 9)}
“_LFN

n=0
o

y LF A7-1
+N Ny o ,

(25)

The comparison of same powers of X in Eq.
(25) supplies the components of series
solution in this way

N @, (a))@): Ey (_ o’ )’
N : 4 (0,0)=—""N [ﬂLFNy [MD
s’ o’
L KLFN 627¢0—(a),9)
s 7 Y% 5
N : 4, (a),H) :_LFN;l[iLFNy [M}J
s o’
+LFN{£ iy {MD

s” o™

87 &, (a)’ 6’) :_LFNy—l (ﬂLFN}/ {M}J

s? 0w’
+LFN—1 ﬂLFN 627¢2 (a)’ 0)
ls? y ow*” ’
(26)

& so on.

After simplification, we get

% (w90)= Ey(_ a)y)’



& (a), 6’) =2E, (— o’ )F(lejr 7/) ,

6%
¢%(akg)::4E>(—607)f111?§;5,
4,(,6)=8E (o )r(%y) 27)

& so on.
Hence, the solution of Eq. (18) is obtained as

$(,0)=3 ¢, (,0)

n=0

—E,(-0")E,(267). (28)

The above obtained solution is clearly the
same as the solution obtained by LFLDM and
LFLVIM [26], LFRDTM and LFSEM [27],
and LFMADM [28].

Example-4.2: The following LFFPE on the
Cantor set is investigated

O H,0) 0 Pw,0) . 0 ¢(w,0)

= , (29
06" o’ ow” 9
0<y<I.
subject to the initial condition
@
®,0)=—F——. 30
#Ho0)= 17 (30)

Now, further simplification in view of initial
condition (30) reduces Eq. (29) as follows:

5 _1 07wy (T e.0)
¢((0,S,u)—s7 F(1+27/) s Ny( j

ow’

Taking the inverse LFNT “"N . ' of Eq. (31)

provides

2
) /e

Hw,0)= T(+27)
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7 7
_ Fpe u_LFN 0 ¢(a)’9)
s ow”

" LFNy—l (%LFNy(azyja(;O; Q)Jj (32)

s
Now, the procedure of LFHPM [4, 5]
generates the homotopy equation as
ZN’W ¢n (a)’ 6)
n=0
— a)z}/
S r(+2y)
o’ N7 ¢ (0,0
_N}/LFNfl iLFN {; ¢n( )}
st 0w’
1SN ¢ (.0
+N7 LFN71 iLFN {; ¢n ( )}
4 S}/ 7 aa)Z;/
(33)

The comparison of matching powers of & in
Eq. (33) delivers the components of series
solution in this way

2y

N 0)=—2
o (.0) r(1+2y)
. [ u "¢, (,6)
e
2
+LFN7{Z—:”N7 {_a 7;’;)(55 ’ Q)D :
Lu "¢, (0,0
27 6, (a)’g):_LFN}/I{I:_;/LFNy[ é;y )}J

rara| U oe
+°N | —"N
s7 4
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N”%@ﬂrﬁﬁngF%&ﬂD
S

0w’
+LFN_1 ﬂLFN 62}/¢2 (a)’ 9)
st ’ ow*” '
(34)

& so on.
After simplification, we get

2
a)}/

r(1+2y)’

@@ﬂ=@
oy

9, (a),e)zr(sz),

78 (a),H):O,

9 (a” 9) =

a)7 1 67
ri+y) " JT+7)

(35)

& so on.

Hence, the solution of Eq. (29) is obtained as

0

$(0.0)=>"4,(0.,0)

n=0

__o” +| - o’ +1 al
T@+2y) U T+y) Jr(+y)
6
+m. (36)

The above obtained solution is clearly the
same as the solution obtained by LFMADM
[28].

Example-4.3: Finally, the following LFFPE

with LFDO is taken here
o' P@,0) 20" " ¢(w,0)
00" r(l+y) o0
2 2
L 30 ’ 8 7¢(w’9),0<}/ﬁl
r(1+2y) o0
(37)
subject to the initial condition
a)}/
0)= : 38
#(.0) ) (38)
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. LF
Employing the LFNT operator * N, on Eq.
(37), we get

1y 0" p(,0) Y 207 0" ¢(w,0)
"\ o0 \Tl+y) o0

i 307 07 ¢(w,0)
\r(1+2y) 00
Now, the implementation of the formula of
LFNT for LFD in Eq. (39) provides

j:o.(39)

4

S f(o.50) - (0,0)

u u

Ly 20" 0 ¢(w,6)
\Tl+y) o0’

\1(1+2y)

After rearrangement of terms, we get

L 4(w.0)
S

0 P, 0)
ow*”

j:o.(40)

a(a),s,u)

e [ 207 0 ¢(e,0)
s N\ D(+y) 60

u” ip
s

307
7(F(l +2y)

Now, further simplification in view of initial
condition (38) transforms Eq. (41) as

ow””

o le. 9)} (41)

é(@,5,u)

4

_1l o
s r(1+y)
u’ 20" & P(w,0)
s N\ r(+y) o0
Wy [ 307 _M9@.0)) o)
s N\ r(+2y)  d0*

Taking the inverse LENT N . " of Eq. (42)

provides

le.0)= r(1+7)



L[ Wary (207 99(0,0)
s N\ I(+y) o0

a%(wﬁ)D_

| U orr 30%
+ Ny (— N Py

s 7{F(l+2}/)
(43)

Now, the LFHPM [4, 5] recommends the
following homotopy equation

>N 4, (0.0)

a)}/
- F(l + 7)

o0’ S N , 0
W | 207 {Z o )}

LF x7-1
—N N

n=0
s’ 7| T(1+y) o’

7 2y
Y. LFN}/—I u_LFNy 30 y
s” r(1+2y)

a{z N" g, (wﬂ)}

n=0
0w’

(44)
The comparison of same powers of X in Eq.
(44) provides the components of series
solution as

N ?, (a),ﬁ): F(l+}/)

N : 4, (a),¢9)

_ Ly ﬂLFN 20" ¢y (,6)
“\s7 | T(+y) o0

¢, (@, Q)D’

MV{% iy | 3607
’ o

s {F(I+2y)
N7 : ¢, (w,0)

:_LFN;I ﬂLFNV 207 074 (o, 9)
s” r(l+y) 060’
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s7 7[F(l+27/) 0w

N7 - &, (a), 6’)

__LF g ﬂLFN 207 ay¢2(a)39)
s | T(+y) 0

"¢, (M)D’

ow*”

+LFN_1 [ﬂLFN 3927
V4

0”'¢, (M)D’

ol u” 36%
+LFN71 _}/LFN}/{
s r(1+2y)

(45)
& so on.
After simplification, we get
a)7
0)= ,
Py (a), ) F(l + 7)
6%
0)=-2—"——,
# (.6) r(1+2y)
$, (0,0)=0, (46)
énd SO on.

Hence, the solution of Eq. (37) is obtained as

ﬂ@@=§@@ﬁ)

o’ 6%

“T(+y) Tr(+2y)

(47)

The above obtained solution is clearly the
same as the solution obtained by LFVIM [24]
and LFRDTM & LFSEM [27].

5. Numerical simulation

In this section, the computer-based
simulations have been performed for each of
the LFFPEs on the Cantor set under different
fractal initial conditions with the help of
MATLAB. The 3D behavior of solutions
@ (a), 9) of LFFPEs has been presented for the
fractal order In2/In3. Figures 1-3 illustrate
the 3D surface graphics of solutions ¢(a), 9)
with respect to @ and @ for Examples 4.1,

4.2, and 4.3, respectively. The fractal



solutions of the LFFPEs depict intriguing
behavior for y =1n2/1n3.

. v=In2/In3

$(©,0)

Fig. 1: 3D variation of ¢(@,0) w.r.t. ® and
@ in case of Example 4.1 for y =1In2/In3

[CIy=In2/m3

B(©,0)

Fig. 2: 3D nature of ¢(®,0) w.r.t. @ and
in case of Example 4.2 for y =In2/1n3

2 / 1

| ] y=In2/In3

U
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Fig. 3: 3D behavior of ¢(,6) w.rt. @ and
@ in case of Example 4.3 for y =1n2/1n3

6. Conclusion

In this paper, the application of LFNHPM is
presented to solve and investigate the LFFPE
on the cantor set. Three examples of LFFPEs
under different fractal initial conditions are
illustrated to depict the relevancy of the
application of the employed method. The
copulation of LENT with LFHPM efficiently
provides the faster solution for LFFPE in a
fractal domain as compared to LFHPM. The
results generated by LFNHPM are reliable
and are in a nice match with other solutions
presented in the literature. The LFPDEs
conserve the local nature of the derivatives
and further investigate the local scaling
features of exceedingly erratic and
nondifferentiable functions, and this feature
of local fractional calculus is neatly depicted
by figures on Cantor sets. As a future scope of
the work, the employed method can also be
utilized to solve and investigate the variety of
linear and nonlinear LFPDE:s.
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Abstract:

In this chapter, I would like to
evaluate the key features of National
Educational Policy (2020), especially I
would like to present a critical analysis of
educational aspects of National Education
Policy 2020’s. To achieve the desired goal, |
would attempt a rigorous content analysis on
the basis of intensive and Extensive reading
to present a qualitative research paper.
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Secondary Stage

Introduction:

The National Education Policy
(NEP), 2020 has been embraced by the
Union Cabinet on 29th July 2020. NEP 2020
is the principal guidance system of the 21st
century, which plans to address the many
creating developmental objectives of our
country and is changed in accordance with
the 2030 Agenda for  Sustainable
Development. The National Education
Policy, 2020 depends on the fundamental
backbones of Access, Equity, Quality,
Affordability and Accountability. NEP 2020
proposes various pivotal considerations for
school guidance. The New Education Policy
worried to ensure far and wide permission to
first class ECCE the country over in an
organized manner. Remarkable thought and
need will be given to zones and territories
that are particularly socio-monetarily
obstructed.
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A 5+3+3+4 curricular and instructive
structure reliant on scholarly and socio-
energetic developmental periods of youths
has been proposed:

Foundational (Age 3-8 | 3 years of
Stage years) pre-
primary
plus
Grades 1-2
Preparatory (8-11 Grades 3-5
Stage years)
Middle Stage (11-14 Grades 6-8
years)
Secondary Stage | (14-18 Grades 9-
years) 12.

1. Focal Stage (age 3-8 years): 3 years
of pre-basic notwithstanding Grades
1-2
2. Primer Stage (8-11 years): Grades 3-
5
3. All-important focal point (11-14
years): Grades 6-8
4. Assistant Stage (14-18 years):
Grades 9-12.
It moreover hopes to ensure key capability
and numeracy in a key and a huge gathering
of curricular changes and diminished
substance load in  school guidance
instructive arrangement likewise assessment
changes for widely inclusive improvement
of understudies. There will be no hard
divisions among articulations and sciences,
among curricular and extra-curricular




activities, among proficient and insightful
streams, etc.

NEP 2020 advances dynamic instructional
strategy, improvement of focus cutoff points
and major capacities, including 21st century
aptitudes, exploratory learning at all stages,
low stake board tests, sweeping headway
card, change in assessment to propel
essential and higher solicitation thinking
among understudies, mainstreaming of
expert preparing and changes in instructor
guidance.

NEP moreover puts revolve around
reinforcing of teachers and improving their
enlistment, organization conditions, and
move system and occupation development
openings at all levels. The National
Professional Standards for Teachers (NPST)
will demonstrate principles and rules for
different degrees of instructors. Proposition
are similarly made for using un-utilized
constraint of school structure to propel
social, academic, and volunteer activities for
the system and to propel social association
during non-teaching/coaching hours and
schools to be used as a "Samajik Chetna
Kendra". NEP 2020 recommends essential
language/home language/neighborhood
language, as vehicle of direction at any rate
till Grade 5 and at later stages, at each
conceivable chance. Procedure imagines
segment of regulatory, legitimate and
technique causing abilities to clear out
hopeless conditions and setting to up of a
State School Standards Authority. There is
in like manner a more noticeable highlight
on advancement to improve various pieces
of preparing including learning, evaluation,
orchestrating and association.

Objectives of the paper:

1. To study the views of committee
members presented in NEP 2020 on
educational aspect

2. Critical analysis of NEP 2020 on
educational aspect
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Delimitations of paper:
1. Only NEP 2020 has been taken into
consideration
2. Only Educational aspects has been
taken into consideration

Key Feature of NEP 2020 on Educational
Aspects:

1. Educational system: The 10+2
framework will be partitioned into
5+3+3+4 organization. The initial
five years of school will contain the
establishment stage including three
years of pre-elementary school just
as classes 1 and 2. The following
three years will be partitioned into a
preliminary stage from classes 3 to 5
and following that, three years of
center stage (classes 6 to 8), and four
years of optional stage (classes 9 to
12). Co-educational program and
professional subjects like games,
expressions, trade, and science will

be treated at a similar level.
Understudies can settle on courses
according to their inclination.

Understudies will be permitted to
take up coding from class 6 ahead.
Abilities, for example, investigation,
basic reasoning and calculated
lucidity will be instructed in school.
2. Language strategy: The
arrangement expresses, the
mechanism of guidance until in any
event class 5 (and ideally till class 8)
ought to be "home language or
primary language or
nearby/territorial language". From
that point, the home or neighborhood
language should keep on being
educated as a language. In contrast to
the draft, the last approach gives the
opportunity to the state, area, and
youngster to picked three dialects to
be scholarly. Notwithstanding, at any



. Regular

rate two of the three dialects should
be local Indian dialects.

placement test for
confirmations: From school to
universities, it is exhorted that there
ought to be a solitary door. The
National Testing Agency (NTA) will
lead a typical placement test (CEE)
for admissions to colleges the nation
over. A typical inclination test, just
as particular regular subject tests in
technical disciplines, humanities,
dialects, expressions, and
professional subjects, will be held at
any rate twice consistently. It will
permit "most colleges to utilize these
regular placement tests — as opposed
to having several colleges each
concocting their own selection tests,
accordingly radically diminishing the
weight on understudies, colleges and
schools," the NEP read. It won't be
compulsory and will be left to
singular colleges and universities to
utilize NTA appraisals for their
affirmations.

Undergraduate Level: "Graduate-
level, aces and doctoral instruction in
enormous multidisciplinary colleges,
while giving thorough examination-
based specialization," referenced the
NEP. The college degree will be of
either three or four-year span, with
various leave alternatives.
Understudies will get a declaration
subsequent to finishing one year in
an order or field including
professional and expert regions, or a
certificate following two years of
study, or a Bachelor's qualification
following a three-year program. The
four-year program may likewise
prompt a degree 'with Research™ if
the understudy finishes a thorough
exploration venture in their major
area(s) of study.
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5. Unfamiliar

schools: High
performing Indian colleges will be
urged to set up grounds in different
nations, and comparatively, chose
colleges, those from among the main
100 colleges on the planet will be
encouraged to work in India. An
authoritative structure encouraging
such section will be set up, and such
colleges will be given extraordinary
administration  with respect to
administrative, administration, and
substance standards comparable to
different self-ruling foundations of
India. India will be advanced as
worldwide report objective giving
premium training at reasonable costs
in this way assisting with
reestablishing its job as a Vishwa
Guru. An International Students
Office at each HEI facilitating
unfamiliar understudies will be set
up to arrange all issues identifying
with  inviting and  supporting
understudies showing up from
abroad, according to the NEP.

An Academic Bank of Credit

(ABC) will be built up which would

carefully store the scholastic credits
earned from different perceived HEIs
with the goal that the degrees from a
HEI can be granted considering
credits earned. Offices in dialects,

writing, music, reasoning,
workmanship, move, theater,
instruction,  arithmetic, insights,

unadulterated and applied sciences,
and so on. Credits will be given in
the entirety of Bachelor's Degree
programs for these subjects on the
off chance that they are done from
such divisions or through the ODL
mode when they are not offered in-
class at the HEIL Instructive
innovation: A self-governing body,
the National Educational Technology



Forum (NETF), will be made to give
a stage to the free trade of thoughts
on the utilization of innovation to
improve learning, evaluation,
arranging, organization, etc, both for
school and advanced education. One
of the lasting undertakings of the
NETF will be to sort developing
advancements dependent on their
latent capacity and assessed time
span  for disturbance, and to
intermittently introduce this
investigation to MHRD. In light of
these information sources, MHRD
will officially distinguish those
advancements whose development
requests  reactions  from  the
instruction framework.

A critical Analysis of NEP 2020:
“By education, I mean an all-round
drawing of the best in child and man
in body, mind and spirit.” -
Mahatma Gandhi
'Education will definitely benefit by
making the child's first language the
medium of instruction, by making
examinations less prone to rote-
learning, by setting up national
research universities, all

recommendations of the NEP,'

. The new methodology centers on
universalization of guidance from
pre-school to helper level with 100%
Gross Enrolment Ratio (GER) in
school preparing by 2030 and
expects to bring GER up in cutting
edge training to 50

. NEP 2020 will convey two crores by
and by from more youthful
understudies again into the standard.
The 10+2 state of  school
instructional bundles is to be
replaced through method of methods
for a 5+3+3+four curricular shape
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assessing to quite a while 3-8, 8-11,
11-14, and 14-18 years
independently. It will consolidate 12
years of mentoring and three years of
Anganwadi and pre-coaching.

. NCERT will develop a National

Curricular and Pedagogical
Framework for Early Childhood
Care and Education (NCPFECCE)
for youths up to the age of eight.
NEP 2020 requires setting up of a
National Mission on Foundational
Literacy and Numeracy through the
Education Ministry. States will set
up a use plan for achieving
boundless fundamental capability
and numeracy in all primary schools
for all understudies by grade 3 by
2025.

. All understudies will take school

evaluations in Grades 3, 5, and 8
which will be coordinated by the
fitting force. Board tests for Grades
10 and 12 will be continued, yet

redesigned with extensive
improvement as the point.

. Another  National Assessment
Center, PARAKH (Performance

Assessment, Review, and Analysis
of  Knowledge for  Holistic
Development), will be set up as a
standard-setting

. NEP underscores on setting up of

Gender Inclusion Fund and besides
Special ~ Education Zones for
impeded regions and get-togethers.

Each state/locale will be asked to
develop ‘‘BAL Bhavans" as an
extraordinary daytime live-in school,
to participate in craftsmanship
related, calling related, and play-
related activities. Free school



10.

11.

12.

13.

14.

establishment can be used as Samajik
Chetna Kendras.

A run of the mill National
Professional Standards for Teachers
(NPST) will be made by the National
Council for Teacher Education by
2022, in meeting with NCERT,
SCERTs, instructors and ace
relationship from across levels and

States/UTs will set up independent
State School Standards Authority
(SSSA). The SCERT will develop a
School Quality Assessment and
Accreditation Framework (SQAAF)
through meetings with all
accomplices.

NEP 2020 hopes to fabricate the
Gross Enrolment Ratio in cutting
edge  instruction  remembering
proficient preparing from 26.3
percent for 2018 to 50 percent by
2035 and plans to add 3.5 crore new
seats to cutting edge training
foundations.

The course of action considers broad
based, multi-disciplinary, complete
Under Graduate preparing with
versatile instructive plans, inventive
blends of subjects, compromise of
expert guidance and distinctive
section and leave centers with
reasonable affirmation.

An Academic Bank of Credit is to be
set up for cautiously taking care of
educational credits earned from
different HEIs so that these can be
moved and checked towards
definitive degree

Multidisciplinary ~ Education and
Research Universities (MERUs), at
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15.

16.

17.

18.

19.

20.

21.

standard with IITs, I[IMs, to be set up
as models of best multidisciplinary
preparing of overall standards in the
country.

The National Research Foundation
will be made as an apex body for
developing a strong investigation
culture and building research limit
across cutting edge training.

Progressed training Commission of
India (HECI) will be set up as a lone
generally speaking umbrella body for

entire progressed instruction,
excepting clinical and genuine
guidance.

Open and private progressed

instruction establishments will be
controlled by comparable course of

action of principles for rule,
accreditation and educational
standards.

Relationship of schools is to be

wiped out in 15 years and a stage
wise part is to be set okay with
surrendering investigated autonomy
to colleges.

Another and broad National
Curriculum Framework for Teacher
Education, NCFTE 2021, will be
characterized by the NCTE in
gathering with NCERT.

By 2030, the base degree capacity
for empowering will be a 4-year
composed B.Ed. degree.

Inflexible move will be made against
lacking autonomous Teacher
Education Institutions (TEIs).
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23.

24.

25.

26.

27.

28

A National Mission for Mentoring
will be developed, with a tremendous
pool of astounding
senior/surrendered workforce who
might give short and long stretch
coaching/capable  assistance  to
school/school instructors.

The National Scholarship Portal will
be stretched out to follow the
headway of understudies tolerating
awards.

Private HEIs will be asked to offer
greater amounts of free ships and
awards to their understudies.

Measures, for instance, online
courses and progressed vaults,
financing for research, improved
understudy organizations, credit-

based affirmation of MOOC:sSs, thus,
will be taken to ensure partition
learning is at standard with the most
elevated bore in-class programs.

A total plan of recommendations for
raising on the web preparing coming
about to the continuous climb in
sicknesses and pandemics to ensure
status with elective strategies for
esteem guidance at whatever point
and wherever traditional techniques
for guidance are unreasonable, has
been

A submitted unit to arrange the
structure of cutting-edge
establishment, mechanized substance
and breaking point building will be
made in the HRD administration to
think about the e-guidance needs of
both school and progressed

. An independent body, the National

Educational  Technology  Forum
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29.

30.

31.

32.

33.

(NETF), will be made to give a
phase to the deregulation of
considerations on the wuse of
development to overhaul learning,
assessment, orchestrating,
association.

NEP recommends setting an Indian
Institute  of  Translation  and
Interpretation (IITD), National
Institute (or Institutes) for Pali,
Persian and Prakrit, strengthening of
Sanskrit and all language workplaces
in HEIs, and utilizes local
language/neighborhood language as
a vehicle of direction in more HEI
programs.

Internationalization of guidance will
be  supported  through  both
institutional facilitated endeavors,
and understudy and faculty convey
ability and allowing area of top
world situated schools to open
grounds in India.

Free particular schools, prosperity
science  universities, legal and
country schools, etc. will plan to
become multi-disciplinary
establishments.

Methodology intends to achieve
100% youth and adult training.

The Center and the States will
collaborate to grow the open
enthusiasm for Education part to
show up at 6 percent of GDP at the
soonest.

Conclusion:
The NEP has hurled a few new focuses
that look to situate training as a support

of

advancement and change during a

period of incredible change in our life



and society. For fruitful execution of the

National =~ Education  Policy,  the
Education Ministry is additionally
arranging an  online rivalry for
instructors on 'Readiness of

Communication Material'. The Central
Board of Secondary Education, or
CBSE, has requested that its educators
partake in the opposition and to present
their recommendations.
"The partaking educators should get ready
correspondence material on various subjects
of NEP 2020 identified with school training.
The 10 best-chose passages will be sent to
NCERT for National Level Selection. The
sections presented by the educators might be
utilized by the Ministry of Education in
future... “CBSE said in an announcement.
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Abstract:

COVID-19 has a global effect on
people’s lifestyle. Many people have
become physically inactive and developed
an irregular daily routine pattern which has
led to unhealthier lifestyle and aggravation
of lifestyle related diseases that can be
biological as well as psychological which
in turn had increased the severity of
COVID 19. The present review is an
attempt to summarize the effect of
pandemic COVID 19 on lifestyle
behaviour with special focus on teaching
environment.
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Introduction:

What saddens us nowadays is that
as teachers and educationists we have
failed miserably at this crucial juncture
when the coronavirus has shattered the
‘taken-for-granted’” world, and caused
widespread psychic anxiety and existential
uncertainty. Instead of rethinking the
meaning and purpose of education at this
puzzling moment, we seem to be
concerned only with the technical
questions i.e. how to use the appropriate
apps for ‘online teaching’, and conquer the
barriers of ‘social distancing’. It is like
artificially introducing ‘normalcy’,
pretending that nothing fundamentally has
changed in our lives, and hence, we can go
ahead with the same textbooks, the same
syllabus, the same monologue, and the
same exams and assignments but this time
through the miraculous techno- power of
‘online teaching’.
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Feel the psychic absorption of
COVID related crisis. Death, one tends to
feel, is no longer a statistical abstraction. It
is real; it is here; the virus can enter even
our gated communities at any moment, and
we may find ourselves coughing and
breathing with great difficulty. But then, a
college student worried and frightened
opens her laptop, and finds his/her
professor teaching ‘snowball sampling’
and ‘techniques’ of social research! Isn’t it
absurd? Or for that matter, because of the
lockdown, a twelve-year-old boy in a
lower middle-class family feels restless
and claustrophobic in a small room. Yet,
he has to borrow the only smartphone
available in the family from his father
because ‘online teaching” must go on, and
then finds his mathematics teacher
completing the life negating chapter on
‘percentage’ or ‘profit and loss’! Yes, this
is absurd. This is insensitive. And this is
nothing but violence.

If education is truly life affirming,
it must awaken these young minds, touch
the deeper layers of their consciousness,
and give them the psychic/spiritual
strength to deal with the crisis that Covid-
19 has led to. And teachers must establish
the spirit of rhythmic communication with
them, understand their worries and doubts,
and work together to redefine the
relationship between the self and the world
at a time when fear is normal, victims are
stigmatized, and ‘distancing’ is the new
discourse. Hence, even if right now school
students do not learn how to calculate the
volume of a trapezium, or do not
memorize the ten reasons for the downfall



of the Mughal Empire, no harm would be
done. Instead, what really matters is a

healing touch, not the burden of
‘uploading’” the home assignments and
project works. Likewise, even if

college/university professors do not give a
couple of routinized lectures on, say, the
‘structuralism’ of Claude Levi- Strauss, or
theories of thermodynamics, no damage
would be done to human intelligence. In
fact, the need of the hour is a mix of
awakened intelligence, deep religiosity and
profound sensitivity. As teachers, can we
take part in this process, and see beyond
the official curriculum?

It is in this context that I wish to
make three points. First, we ought to
understand that the coronavirus has
demolished  the  self-perception  of
modernity. Its notion of human supremacy
over nature, its mnarcissistic belief in
unlimited ‘progress’ through the oracle of
techno science, and its power to predict,
control and establish order. Hence, if we
are reflexive and perceptive, we have to
confront new questions. For instance, how
do we learn to live as humble wanderers,
not proud conquerors? How do we renew
our organic connectedness with the larger
eco-system? Or, for that matter, how do
we come to terms with the fact that the
power we worship, the power of nuclear
weapons, space research, mega hospitals
and artificial intelligence is illusory, and
the invisible virus can shatter the
confidence of even the ‘mighty” USA? In
other words, how do we unlearn modernity
in search for a new world?

Second, the coronavirus or
associated lockdown has compelled us to
come to terms with our inner selves. And it
is not easy because in the age of modernity
we have concentrated primarily on the
‘outer’ realm; we have mastered the
technical skills to work in the world out
there; and as a result, many of us have lost
the art of understanding the dynamics of
the inner world: our fear and anger, our
egos and aggression, our pain and longing,
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or our dreams and prayers. In fact, our
‘outer-directed’ consciousness is incapable
of dealing with the inner realm. No
wonder, throughout the world we see the
recurrence of psychic nausea, boredom,
meaninglessness and domestic violence.
Hence, the question is how we nurture our
inner selves, evolve endurance and
patience, appreciate the intensity of
silence, and allow our hidden possibilities
to unfold the way Ernest Hemingway
showed in The Old Man and the Sea, and
transform even this moment of crisis into a
moment of life-affirmation.

Third, ‘distancing’ or obsessive
fear has crippled us, and made us unsure of
what really matters for our collective
sanity, the enchanting power of love, trust
and human touch. The danger is that this
very crisis can further stimulate the
authoritarian regimes to enhance their
surveillance machineries, and further
spread the psychology of doubt and
suspicion. Should we then survive only
biologically and strategically without the
ecstasy of the human company a living
classroom with fifty co-travellers, a protest
march with thousands of creative souls, or
a coffee house adda with boundless
laughter? Can we restore the power of love
and human company in the new world?
Yes, as school children or university
students find themselves confined and
insulated, a question of this kind is
confronting them.

Conclusion:

If as teachers and educators we fail
to bring our educational practices closer to
these existential questions and issues, we
would prove to be utterly callous and
insensitive. Meaningful education, it ought
to be realized, is not a debate over the pros
and cons of Zoom; nor is it about
completing the syllabus at the ‘right’ time;
it is essentially about the nuanced art of
living when the ‘known’ world has
collapsed, and bookish knowledge have
proved to be futile.
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Abstract:

This paper reveals that to examine
empirically the probable effects of an
increase in agricultural productivity on the
rural nonfarm sector (RNFS). For our
empirical research, we use secondary data
from NSSO round reports, data from the
Centre for Monitoring Indian Economy
(CMIE), and Census reports. We utilise a
pairwise correlation matrix to examine the
effects of several variables at a 5% level of
significance. In  addition, descriptive
statistics for the variables utilised in pair-
wise correlation are provided.

Introduction:

There is a close link between the
growth and expansion of the rural nonfarm
sector (RNFS) and an increase in
agricultural productivity. Because of the
increase in productivity, the agricultural
sector experienced a "bumper harvest,"
which implies an increase in the level of
food production. We can measure
agricultural productivity either through the
ratio of agricultural outputs to agricultural
inputs or by the total factor productivity
method, where we compare an index of
agricultural inputs to an index of outputs. An
increase in agricultural productivity is
dependent on a number of factors, including
the level of  mechanisation and
modernisation of the traditional agricultural
sector, the use of high-yielding varieties
(HYV) and genetically modified crops, the
availability of irrigation facilities, farmers'
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access to credit, and government schemes

related to  agricultural and  rural
development, among others.

It is generally argued that if
agricultural productivity increases, then

farmers’ income will also increase, which
would lead to a reduction in poverty.
Furthermore, it also raises the agricultural
wage rate as the productivity of labour
increases. To meet rising food demand,
farmers frequently choose a diversification
strategy that involves shifting production
from basic cereals to high-value crops and
livestock, which is also a major source of
agricultural productivity.

Agricultural productivity in India
increased in the 1960s because of the
introduction of modern farming methods,
such as the use of a package containing
HYV seeds, chemical fertilisers, and agro-
chemicals such as pesticides, a controlled
water supply, i.e., proper irrigation, and the
use of new farming methods, i.e.,
mechanisation of agriculture. All of this
resulted in a historic increase in agricultural
production as well as a revolution in

agriculture  known as the "Green
Revolution" (GR). GR leads to a rise in
agricultural productivity. Increased

agricultural production can benefit the non-
farm sector by providing low-cost raw
materials, particularly agro-based goods. A
greater supply of food could free up family
labour for non-farm pursuits. Increased farm
savings may also contribute to an increase in
nonfarm investment because of GR. Thus,



GR would establish a strong production
relationship by supplying both savings and
essential inputs.

Literature Review:

In terms of employment, there is an inverse
link between farm and non-farm
(Vaidyanathan 1986; Bhaumik 2002).
However, there is little evidence that the
association between farm growth and RNFS
expansion is positive. In his regression
analysis, Vaidyanathan (1983) discovered a
strong, substantial, and positive association
between unemployment and the importance
of nonfarm employment, implying that
where agriculture was unable to provide
widespread employment, the non-farm
sector stepped in to fill the void. In their
study based on nationally representative
household survey data for rural India in
1994, Lanjouw and Shariff (2004) found
that non-farm income accounts for roughly
one-third of household income on average.
In India, a 1% rise in agricultural
productivity was linked to a 0.9 percent gain
in nonfarm employment, according to
another study (IFPRI, 1985).

RNFS, which is labour-intensive, is
far more integrated, with small farmers
focusing on  primary = commodities
(Chakrabarti and Kundu, 2009). Land
reforms result in a greater number of small
and marginal farmers, who are expected to
have a stronger demand for non-farm goods.
Small farmers have a large role in
stimulating demand for fertilisers and other
inputs, as well as minor equipment and
maintenance services offered by local
artisans, according to empirical evidence
from India, Pakistan, and Taiwan (Johnston
and Kilby, 1975). When compared to their
larger counterparts, small and middle
peasants have a substantially higher
consumption propensity for labour-intensive
rurally produced products (Hazell and Roell,
1983). Bhalla and Chadha (1983) also found
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that demand for nonfarm goods and services
is dominated by the middle peasantry rather
than large farmers. However, it is important
to highlight that the green revolution may
result in land ownership concentration,
which could stifle the growth of RNFS
(Chakrabarti, 2011). This is due to the fact
that wealthier farmers may not want
nonfarm things manufactured locally. Bhalla
and Chadha (1982) suggested that because
India's land ownership is so lopsided, the
distribution of gains from green revolution
technologies is  likewise  extremely
inequitable. Saini's (1976) studies
demonstrate similar income disparities in
agricultural household incomes, claiming
that large farmers have benefited greatly
from the new technology ushered in by the
green revolution.

Objective and Methodology:

This study intends to examine empirically
the probable effects of an increase in
agricultural productivity on the rural
nonfarm sector (RNFS). For our empirical
research, we use secondary data from NSSO
round reports, data from the Centre for
Monitoring Indian Economy (CMIE), and
Census reports. We utilise a pairwise
correlation matrix to examine the effects of
several variables at a 5% level of
significance. In  addition, descriptive
statistics for the variables utilised in pair-
wise correlation are provided.

Stylized Facts:

For three NSSO rounds, 1994-95,
2000-01, and 2005-06, Table 1 shows the
total number of rural firms, including
OAME, NDME, and DME; the number of
workers engaged in each type of
employment; and the value added by each of
these enterprises. It is estimated that roughly
92 percent of enterprises are self-employed,
or OAME. NDME and DME account for 6%
and 2% of the, respectively. It's worth noting



that, despite accounting for only 2% of the
total rural unorganised manufacturing
industry, DME employs 13% of the rural
workforce. NDME and OAME comprise
10% and 77 percent of the total,
respectively. This means that self-
employment is extremely important in the
rural economy. However, when we evaluate
the overall value produced by all of these
types of enterprises, we can find that OAME
accounts for just 49% of total rural value
added, whereas DME accounts for 34%, and
NDME accounts for only 17%. According to
data on these enterprises' fixed assets,
OAME owns 54 percent of total rural fixed
assets, compared to 19 percent for NDME
and 27 percent for DME. It is obvious from
this analysis that DMEs have a significant
impact on the rural economy.

Table 2 shows the share of different
categories of rural unorganised
manufacturing enterprises (OAME, NDME,
and DME), as well as the share of employed
workers, value added, and fixed assets, in 17
major Indian states. We can see that there
are large regional disparities in terms of the
establishment of different categories of
enterprises, such as OAME, NDME, and
DME; the creation of employment
opportunities by those enterprises; and the
contribution to value-added and use of fixed
assets by these enterprises across states as
well as within states.

Table 3 depicts the growth rate of
the share of various land holding categories,
such as marginal holding, small holding,
semi-medium holding, medium holding, and
large holding, across 15 major Indian states
from 1994-95 to 2005-06. Except for Kerala
and West Bengal, all the states mentioned
exhibit a significant decrease in the share of
large land holdings. Because of the
considerable drop in large land holdings,
shares of other types of ownership increased
dramatically. Thus, it is obvious that in most
Indian states, marginal and small holdings
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are increasing while medium and large
holdings are decreasing.

For the years 1994-95, 2000-01, and
2005-06, Figure 1 depicts the share of
NSDP agriculture in a state's NSDP for 17
major Indian states. The chart shows that,
with the exception of Gujarat and Madhya
Pradesh, the share of NSDP agriculture in
the state's NSDP decreases significantly for
all of these major states. This implies an
increase in distress-driven RNFS, as the
share of marginal and small land holdings
increases in most of these states, while the
share of large holdings decreases
significantly.

Empirical Test and Analysis
Now we conduct an empirical analysis to
examine the probable effects of increase in
agricultural productivity on the very
foundation of RNFS. For this we collect data
on variables such as net state domestic
product from agriculture (ndpagr), share of
agriculture in net state domestic product
(ndpagr ndp), (proxy for) per capita food
supply (ndpagr_pop), (proxy for)
agricultural income (ndpagr poprl), share of
rural people employed in rural unorganised
manufacturing units (wkumrl poprl), share
of rural people employed in OAME
(wkoamerl poprl), share of rural people
employed in NDME (wkndmerl poprl),
share of rural people employed in DME
(wkdmerl poprl), share of marginal
holdings in total holdings (shmrhold), share
of small holdings in total holdings
(shsmhold), share of semi-medium holdings
in total holdings (shsmehold), share of
medium  holdings in total holdings
(shmehold) and share of large holdings in
total holdings (shlhold). At the national
level, data on these variables are collected
for the years 1994-95, 2000-01, and 2005-
06.

Agricultural productivity variables
include ndpagr, ndpagr ndp, ndpagr pop,



ndpagr poprl; RNFS variables include
wkumrl poprl, wkoamerl poprl,
wkndmerl poprl,  wkdmerl poprl;  and

pattern of land distribution variables include
shmrhold, shsmhold, shsmehold, shmehold,
shmehold. Thus, we've employed three
different sets of variables.

We ran two sets of pairwise
correlations: one captures the relationship
between agricultural productivity and
RNFS, and the other -captures the
relationship between land distribution
pattern and RNFS. We ran pairwise
correlation for both all Indian states and the
16 major Indian states for these two separate
sets. For a better understanding, we also
present descriptive statistics for all of these
pairwise correlation matrices.

We can now derive descriptive
statistics (1-4) and pairwise correlation
matrices (1-6) using the variables stated
above. Descriptive statistics (1 and 3) and
pair-wise correlation matrices (1, 3, and 5)
were used to compare all Indian states,
whereas descriptive statistics (2 and 4) and
pair-wise correlation matrices (2, 4, and 6)
were used to compare 16 major Indian
states. Furthermore, pairwise correlation
matrices (1 and 2) capture the relationship
between agricultural productivity and
RNFS, while 3 and 4 capture the
relationship between land distribution
pattern and RNFS for all Indian states and
16 major Indian states, respectively (see
Appendix 1).

The following are some of the most
important findings from these pairwise
correlation matrices:

(i) It can be seen from pair wise correlation
matrix 1 that ndpagr and wkoamerl poprl
are significantly and positively connected.
As ndpagr rises, so does self-employment.
Furthermore, as per capita food supply
(ndpagr pop) rises, agricultural income
(ndpagr poprl) rises because ndpagr poprl
is significantly and positively related to
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ndpagr pop, but employment in NDME and
DME falls as variable ndpagr ndp is
significantly and negatively related to
variables wkndmerl poprl and
wkdmerl poprl. Again, as wkumrl poprl,
wkndmerl poprl, and wkdmerl poprl are
strongly negatively associated with the
variable ndpagr pop, employment in rural
unorganised manufacturing enterprises as
well as in all of its categories diminishes. It
is also observed that when agricultural
income rises, rural self-employment
decreases. However, if wkumrl poprl
increases, then employment in all of its
component enterprises will increase.

(i) When ndpagr increases, wkndmerl poprl
decreases, as shown in pair-wise correlation
matrix 2. Again, as ndpagr ndp increases,
employment in NDME and DME decreases.
Furthermore, as per capita food supply
increases, employment in rural unorganised
manufacturing units, as well as NDME and
DME employment, decreases. A rise in
agricultural income is also associated with a
decrease in self-employment. However, if
wkumrl poprl increases, then employment
in all its component enterprises will
increase.

(iii) The variable shmrhold is significantly
and negatively connected to shsmehold,
shmehold, and shlhold, as shown in the pair-
wise correlation matrix 3. This means that as
the number of marginal holdings grows, the
number of semi-medium, medium, and large
land holdings decreases. On the other hand,
RNFS variables were shown to be strongly
and positively associated with marginal
holdings. With an increase in small land
holdings, self-employment and employment
in rural unorganised manufacturing are also
on the rise. Furthermore, as medium and
large land holdings increase, both self-
employment and employment in rural
unorganised manufacturing decline.

(iv) The variable shmrhold is strongly and
negatively related to shsmehold, shmehold,



and shlhold, as shown in pair-wise
correlation matrix 4. This means that as
marginal holdings increase, semi-medium,
medium, and large land holdings decrease;
nonetheless, the variables wkumrl poprl
and wkoamerl poprl are strongly and
positively connected to marginal holdings.
With an increase in small land holdings,
self-employment and employment in rural
unorganized manufacturing are also on the
rise. Furthermore, as medium and large land
holdings increase, both self-employment and
employment in rural unorganized
manufacturing decline.

(v) It can be observed from pair-wise
correlation matrix 5 and 6 that while
employment in NDME rises, employment in
DME rises as well, as the two are
significantly and positively associated.

As can be seen from the above
analysis, RNFS 1is substantially more
integrated with small and marginal
landholdings than with other types of
landholdings. As a result, an increase in
agricultural productivity, such as a bumper
harvest, leads to distress-driven job
diversification, localized migration, and a
shift in occupation from farming to various
RNF activities such as multi-tasking, mixed-
activity, increasing self-exploitation, and so
on, all of which contribute to the formation
or expansion of the petty RNFS sector.

Conclusion:

Our investigation shows that dealing with
the RNFS issue is a difficult endeavour. In
reality, implementing any policy, plan, or
programme that promotes agriculture,
integrated rural development, or the
promotion of RNFS requires great attention
and a thorough examination of all aspects.
Furthermore,  because labour-intensive
RNFS is considerably more interwoven with
small and marginal land holdings,
appropriate land reform and land conversion
policies/strategies should be implemented.
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Let us propose a few key policy measures
based on our findings: First, while
promoting agricultural productivity through
appropriate programmes, policies, and
strategies, the government should also
ensure that food prices are properly and
timely monitored to ensure that they do not
fall below the economically desired level,
otherwise farmers will face financial
hardship. Second, formal credit should be
made available to farmers so that they can
start remunerative RNF activities with the
additional agricultural income generated by
selling marketable surplus food due to a
bumper harvest. Third, social security
should be provided to farmers and workers
in minor RNFS manufacturing units so that
they can maintain their normal living
standards. Fourth, steps should be taken to
develop RNFS goods on both a domestic
and international level. Fifth, minor rural
manufacturers should be given access to
official credit, training, information, and
skills connected to the RNFS production
system on a regular basis so that they can
gradually but significantly serve the global
market.
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Table 1: Various aspects of rural unorganised manufacturing sector’ enterprises in India (in numbers)

Enterprise number Workers involved Value added (in Rs. crore)
1994/5 2000/1 2005/6 1994/5 2000/1 2005/6 1994/5  2000/1  2005/6
OAME?
(self-employment 9534936 11058249 1110§719 17844677 19147154 1802},306 7547 10738 103086
(92%) (77%) (49%)
based)
NDME?
(containing 25 667902 629480 745270 1828852 1932884 23830978 1745 2358 3539
. (6%) (10%) (17%)
units of labour)
DME?
(containing 6-20 294239 246856 2740276 2452458 2905665 30520998 2538 3936 7035
. (2%) (13%) (34%)
units of labour)
Aggregate of
OAME, NDME 10497077 11934585 12128265 22125987 23985703 23458282 11831 17031 20981
and DME (100%) (100%) (100%)

Source: Author’s compilation from NSSO reports.

'According to NSSO definitions, the unorganised manufacturing sector consists of following types of enterprises: (a) All manufacturing enterprises except those
registered under section 2m(i) and 2m(ii) of Factories Act, 1948 and Bidi and Cigar Workers (conditions of employment) Act, 1966. (b) All manufacturing
enterprises except those runs by Government (Central Government, State Governments, Local Bodies) / Public Sector Enterprises.

“Rural unorganised manufacturing enterprise can be classified into three broad enterprise groups viz. own account manufacturing enterprise (OAME), non-
directory manufacturing enterprise (NDME) and directory manufacturing enterprise (DME). NSSO in its report no. 524(62/2.2/1) define OAME as an enterprise,
which is run without any hired worker employed on a fairly regular basis and engaged in manufacturing and/or repairing activities. 'Fairly regular basis' means the
major part of the period of operation(s) of the enterprise during the last 365 days. NDME, on the other hand, is defined as an establishment which employs less
than six workers (household and hired workers taken together) and engaged in manufacturing activities. DME is defined as an establishment which employ six or
more workers (household and hired workers taken together) and is engaged in manufacturing activities.

Table 2: Share of enterprise, workers, value added and fixed asset of rural OAME, NDME and DME across 17 major states
for the period 1994-95, 2000-01 and 2005-06

ent ent ent wk wk wk va va va fa fa fa
state OAME NDME  DME OAME  NDME DME OAME NDME DME OAME NDME DME
AP. 9.0 6.1 15.0 8.0 6.3 145 8.4 5.6 6.7 7.7 8.4 6.5
Assam 2.8 33 0.8 24 3.0 0.8 35 3.7 0.6 1.9 1.5 0.9
Bihar 10.5 53 0.7 10.7 43 0.5 11.7 3.8 0.7 10.1 2.0 03
Chandigarh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0
Gujarat 25 2.0 3.7 25 1.6 55 3.6 1.8 49 4.1 14 23
Haryana 0.9 1.9 1.2 0.8 1.7 15 15 29 3.1 24 44 45
H.P. 0.8 0.9 0.3 0.7 0.8 0.3 0.8 0.8 0.4 1.6 14 1.1
Karnataka 5.2 43 185 43 43 135 4.1 46 150 6.2 7.0 6.7
Kerala 3.4 132 7.0 2.8 13.0 6.4 2.9 163 6.0 3.7 13.6 166
M.P. 6.4 2.0 4.0 73 23 3.9 5.4 34 54 6.0 1.0 5.1
Maharashtra 45 54 6.1 4.0 49 5.7 5.7 6.6 6.5 6.3 72 106
Odisha 7.6 3.2 1.3 9.5 2.8 1.5 5.6 1.7 2.1 2.9 2.1 13
Punjab 12 1.8 0.4 1.0 1.6 0.4 1.7 23 0.7 2.8 42 1.0
Rajasthan 33 3.1 23 2.8 3.1 5.0 49 3.7 5.2 5.9 2.6 3.0
Tamil Nadu 6.5 11.8 152 5.7 13.6 143 6.5 134 129 6.3 177 223
U.p 14.6 14.5 102 16.4 13.0 13.4 153 103 12.1 17.2 10.5 6.8
W.B. 18.6 17.6 11.4 19.0 18.6 10.3 14.1 13.9 9.1 11.2 11.8 6.7
?(l)lt ;?d“" 11108719 745270 274276 18021306 2383978 3052998  10386.1 3539 7055 11781 4241 6043

Source: Author’s calculation from NSSO reports.

Table 3: Growth rate of share of land distribution pattern for 15 major states of India over the period 1994/5 to 2005/6

State shmrhold shsmhold shsmehold shmehold shlhold
Andhra Pradesh 12.3 14.6 1.9 4.2 -81.0
Assam 26.0 -4.0 -5.8 -4.6 -17.1
Bihar 46.2 3.7 -24.4 -46.7 -87.9
Gujarat 36.0 21.8 6.9 6.7 -72.7
Haryana -12.1 -2.9 -10.3 42.0 -53.7
Karnataka 29.3 13.4 2.8 15.5 -83.5
Kerala 8.2 -10.3 -19.6 4.9 4.7
Madhya Pradesh 39.6 28.5 11.3 15.5 -82.8
Maharashtra 33.3 13.2 3.7 1.7 -86.1
Odisha 29.3 6.9 -11.6 -7.0 -76.7
Punjab -28.9 12.4 7.3 46.7 -73.0
Rajasthan 32.2 22.8 13.7 71.5 -63.5
Tamil Nadu 10.7 7.0 -3.2 10.6 -69.6
Uttar Pradesh 14.3 2.1 -8.2 -5.0 -80.4
West Bengal 18.0 -0.7 -254 -55.2 9.1

Source: Author’s calculation from NSSO reports.
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Fig 1: Share of NSDP agriculture in state’s NSDP for the period 1994-95, 2000-01 and 2005-06 for 17 major Indian states
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Appendix 1

Note: * denote levels of significance at 5%.

Descriptive statistics 1

Variable | Obs Mean Std. Dew. Min Max
ndpagr | 111 §717.256 859585.444 30.13 39302.83
ndpagr. ndp | 111 .3037033 .1281347 0078584 .8631489
ndpagr_pop | 111 .00026825 0001201 -D00033 000645
ndpag poprl | 8 .0004139 0001788 .000143% .0olo014
wkumrl poprl | 35 .0280578 0204582 .D00E034 .1107221
wWkoamerl p~1 | S8 .0186728 .00015848 .0982364
windmerl p~1 | 85 .8035831z2 = L] 030417
wkdmerl po~l | 5 .0052837 .0093211 L1 .0850728
time | 122 3.467213 1.2803%95 1 5
Descriptive statistics 2
Variable | Obs Mean td. Dev. Min Max
ndpagr i T4 14238.65 T711.227 430.7 39302.83
ndpagr ndp | 74 . 330841 .l243323 L010e724 LB0314E89
ndpagr_pop | Td 0002806 0001193 - 000033 0008436
ndpag_poprl | 48 0004223 0001946 . 0001587 .0010014
wkumrl poprl | 48 0333773 0223011 0118565 1107221
wkoamerl p-l | 4B 0240189 J018E779 .0014712 .0982364
wikndmerl p~1 | 48 .0040383 0501 €9 0007454 030417
wkdrerl po~l | 48 0053221 0073088 0001478 LO4E3E7
time | 74 3.1216z22 1.404032 1 5
Descriptive statistics 3
Variable | Cbs Mean 5td. Dev. Min Max
shmrholid | 98 23.69408 17.59775 a GE.E6T
shsmhold | =13 13.61158 9.50816% [ 42.35
shsmehold | =l 21.728598 5.118205 1} 44,13
shmehold | 36 21.439 15.56459 o 65.56
shlhold | =1 3.539&887 18.30588 L1} 51.86
wkumrl poprl | 35 .0280578 0204532 0006034 1107221
wkoemerl p~1 | =1 .0186728 .0o01888 0952364
windmerl p~1 | 35 .0039312 1] . 030417
wkdmerl po~1 | 35 .0052637 0093211 1] L0e50728
time | 122 3.467213 1.230395 1 5
Descriptive statistics 4
Variable | Cbhs Mean Std. Dew. Min Max
shnrhold | 48 22.25604 16.22245 1.84 57.62
shemhold | 48 20.16708 B.724285 5.759 3l.64
shemehold | 48 23.42148 5.222494 11.45 32.13
shmehold | 48 24.65667 13.52597 2.53 62.05
shihoid | 48 5.550833 5.328343 .54 4z.83
wkumrl poprl | 48 0333773 0223011 .0118565 1107221
wkoamerl p~1 | 48 0240188 0181779 .0014712 .0982364
wkndmerl p~1 | 48 .0040363 350169 0007454 .030417
wkdmerl po~1 | 48 .0053221 .M73088 0001478 0458387
tinme | T 3.1216z22 1.404032 1 o
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Pair wise Correlation matrix 1

| ndpagr ndpag~dp ndpag~op ndpag ~1 whumrl.. wkog-~prl wind-prl
_____________ A e R e S L R o e T P e e e A B e P T e o)
ndpagr | 1.0000
ndpagr ndp | 0.23Be* @000
ndpagr pop | 0.069¢  0.3842* 1.0000
ndpag poprl | -0.0225 L0018 0.6962% 1.0000
wkumrl poprl | 0.1438 .1234 -0.27ed* -0.1862 1.0000
wkoamerl p~1 | 0.2375% 1%20 -0.1528B -0.3167* 0.79%27*% 1.0000
wkndmerl p~1 | -0.1912 5112*% -0.2931* (.0806 0.5701% 0.1219 1.4000
wWkdmerl po~1 | -0.0063 -0.4942*% -0.263%* 0.1579 £.5636* -0.0208 0.53459*
Pair wise Correlation matrix 2
| ndpagr ndpag~dp ndpag~op ndpag ~1 wiomrl.. wkea~prl wknd-prl
_____________ e e e T
ndpagr | 1.0000
ndpagr_ndp | 0.0263 1.0000
ndpagr pop | 0.1437 D.2957% -1.0000
ndpeg poprl | -0.1085 -0.0641 0.7013*% 1.0000
wkumrl poprl | -0.138 =0.1912 -D.33590* -0.2377 1.60040
wkoamerl p~1 | 0.0333 0.1563 -=0.1909 ~-0.3722*% (0.8457* 1.0000
wkndmerl p~1 | -0.3886% -0.5961* -0.3p82% 0.0898 0.5771* 0.0B39 1.0000
wkdmerl po~L | =0.2392 -0.53€30*% -0.3071%* §.1387 0.5517* 0.0358 0. BEST*
Pair wise Correlation matrix 3
| ahmrhold shamhold shsmeh~d shmehold shihold wkumrl.. wkoa<prl
shmrhold | 1.0000
shsmhold | 0.2a0&* "1.0000
shemehold | -0.3531% O$.6115% 1.0000
shmehold | -0.7737# -0.4485*% 0.18%91 1.0000
shlhold | -0.4963% 4701* -0.121% 0.5181% 1.0000
wkumrl poprl | 0.4005% 0.3729*% -0.05870° -0.3631+* -0.2744* 1.0000
wkoamerl p-~1 | 0.2548* 0.4%327+* 0,1527 -0.3023* -0.2152* 0.7927+* 1.0000
windmerl p-1 | 0.2830*% 0.0187 -0.1774 -0.1901 -0.1338 0.5701% 0.1219
wkdmerl po-1 | 0.2320% -0.0104 -0.2555* -0.1506 -0.1457 0.5636* —0.02068
Pair wise Correlation matrix 4
| ghmrhold shsmhold shsmeh~d shmeheld shlhold whkumrl.. wkoa~prl
shrerhold | 1.0000
shemhold | 0.5226* 1.0000
shemehold | -0.5355* 0.2625 1.0000
shmehold | -0.8743% -0.7139% 0.2854% 1.0000
shihold | -0.5498% -0.7428% -0.2295 D.4278% 1.0000
wkumrl poprl | 0.3842* 0.5499+* -0.1116 -—-0.4458% -0.3576* 1.0000
wkoamerl p-1 | 0.3770% 0O.6407+* -0.079% -0.5149% -0.3315* 0.8457* 1.0000
wkndmerl p-1 | 0.2793 #.0538 -0.2252 -0.13%86 -0.15%2 0.5771* ©.0839
wkdmerl po~L | 0.042ZE 0.0473 0.0127 0.0291 -0.1573 0.5517% 0.0358

Pair wise Correlation matrix 5

| wknd~prl wkdm~prl
S e i T
wkndmerl p~1 | 1.0000
wkdmarl po~l | 0_Be57T* 1.

Pair wise Correlation matrix 6

| wknd~prl wkdm~prl

wkndmerl p~l |
wkdmerl po~1 |

1.0000
D_o5455%
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Abstract:

In this article, we present a comparative
analysis of the modern standard form of
Arabic and English regarding some
interesting grammatical patterns and rules.
Moreover, this work also exemplifies
certain specific differences through ecasy
relevant examples.

Keywords: Arabic; English

1. Introduction:

Arabic is a language of Semitic group of
languages. There are three forms of Arabic
language: classical Arabic, colloquial
Arabic, and modern standard Arabic.
Classical Arabic is the language of Qur’an,
colloquial Arabic is the dialectical form of
Arabic and varies from country to country
whereas the modern standard Arabic is the
language of newspaper, television, books,
novels, public places, sign boards and
communication media. This article
considers the modern standard Arabic
(MSA) for comparison with English.
Arabic verb structure like the verbs of
other Semitic languages is extremely
complicated. The pattern of verbs in
Arabic is based on a root made up of three
or four consonants, respectively, called
trilateral and quadrilateral. The set of
Arabic consonants forms the basic
meaning of a verb, e.g. k-t-b 'write', a-k-1
‘eat’, g-r ‘read’ transforms to the vowels in
between the consonants, along with
suffixes and prefixes, specify grammatical
structures such as gender, number, tense,
person  that personify  grammatical
conceptualization such as mood (e.g.
subjunctive, indicative, imperative), voice
(active and passive), and functions e.g.
intensive, reflexive and  causative.
Actually, Arabic is an extremely complex
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language that employs exceedingly
convoluted and complex grammatical
structure. The subject-verb combination,
grammatical forms of genders and verb
root pattern make Arabic very complicated
to understand.

There are 26 letters in English whereas
Arabic consists of 28 consonants. It is well
known that Arabic letters and words are
written from right to left whereas English
letters and words are written from left to
right. In Arabic writing, the letters are
joined together from both sides, except in
the case of six letters which can be
connected from the right side only. Most
of the letters are written slightly in
individual forms depending on their
location of the word as they occur initially,
medially, finally, or standing alone. There
are no capital letters in the Arabic writing
system. On the other hand, there are small
as well as capital letters in the English
writing system and the small letters are
combined together frequently. In Arabic,
the first letter alif (') serves two purposes.
First, it elongates a consonant as in
haafilatun (car) and it serves as the bearer
of hamzatun (¢) as in ‘abun’ (father).
There are three vowel signs in Arabic: ,s,)
« (alif, waw, ya). There are two kinds of
vowels in Arabic: three short vowels and
three long vowels. The short vowel
dammabh (%) is equivalent to ‘u’ of English
and is placed over a letter, fathah (%) is
equivalent to ‘a’ of English and is also
written above a letter, and finally the
kasrah (-) is equivalent to ‘i’ of English
and is placed below the letter. But all the
three vowels are generally omitted in the
modern Arabic writing system except
classical Arabic. To form long vowels in
Arabic, we connect short vowels dammah,



fathah, kasrah with waw, alif, and ya. In
English there are five vowels: a, e, i, o, u.
Moreover, there are two diphthongs ‘au’
and ‘ai’ in Arabic which are formed when
fathah is followed by a vowel less waw ()
or ya (g). There are four orthographic
signs in Arabic: sukuun (%), shaddah (),
maddah @, and tanwiin (”, -, ). The state of
being vowel-less is signified by a symbol
(°) over a letter. In English, the state of
being vowel less is indicated by absence of
the vowel after the consonant. The symbol
‘shaddah’ is a doubling sign which
represents the two times repetition of a
consonant. In Arabic writing system, two
same letters coming one after another are
not written twice like English, instead of
repeating a letter, a sign (<), either called
shaddah or tashdid is placed over the letter
written once. It is notable that the alif is
not written twice and so for elongation of
alif the lengthening sign maddah @ is
placed over it. In Arabic, the nouns and
adjectives are either definite or indefinite.
The definite noun is generally prefixed
with the definite article J' (al-). Those
nouns and adjectives which are indefinite
mostly possess a sign called tanwiin or
nunation on the final letter of the word
e.g., ‘waladun’ (a boy). The alif has to be
brought to act as a carrier of this nunation
except when a word ends with ta-marbutah
(3). It is noted that when a word is prefixed
with JI (al-), it can’t possess tanwiin.

The central goal of the paper is to present a
quick view of Arabic grammar and
comparative analysis of some interesting
grammatical patterns of both the languages
through the exemplification of some
relevant examples. The present study is
based on the works (see, e.g. [1-8]). The
rest segment of the paper is organized as
follows: In Section 2, the description about
subject and predicate is given. Section 3
deals with structure of nouns, adjectives
and definite articles. Section 4 provides a
view of kinds of pronouns. Section 5 is
devoted to the analysis of cases, gender
construction, prepositions and
conjunctions. Section 6 gives a glimpse of
verb root pattern, present and past tense
formation and particles of future. In
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Section 7, several types of Arabic particles
are described and their analysis with
respect to English is elucidated. Finally,
Section 8 presents the epilogue.

2. Structure of subject and predicate:

The auxiliary verbs ‘is’, ‘am’, ‘are’of
English language don’t exist in Arabic. For
example, ‘The book is new’ will be
translated in Arabic as ‘Al-kitabu
jadiidun’. Here, ‘the book (al-kitabu)’ is
specified as subject (al-mubtada’u) and the
word ‘new (jadiidun)’ is predicate (al-
khabru). In Arabic, subject and predicate
in a sentence must agree in respect of
gender i.e. if the subject is masculine, then
the predicate must also be masculine e.g.
Al-kitabu jadiidun (323 &Sl (The book is
new), al-kursiyyu muriihun (Fai e )X
(The chair is comfortable) and if the
subject is feminine then the predicate must
also be feminine e.g. ath-thallaa-jatu
jadiidatun (The fridge is new). On the
other hand, there exists no such rule in
English like Arabic. However, this pattern
of agreement in Arabic matches well with
Hindi sentence construction. Now, we will
discuss the important construction in
Arabic grammar called delayed subject
and advance predicate (Al-mubtadaul-
muakhkharu-wal-khabarul-muqaddamu

A3a4)) sl 558 5a1584Y) which has been found
only in old English writings. If in the
sentence a word before ‘is’ is indefinite
like ‘a man’ is in the sentence ‘A man is in
the house’, it is brought after the definite
predicate. Hence in Arabic, the sentence
like ‘A man is in the house’ is not
permitted. It will be converted to ‘In the
house (there) is a man and then ‘a man’ is
called the subject delayed and ‘in the
house’ is signified as advance predicate.
For the sake of exemplification, we take
the sentence ‘In the house (there) is a
chair’ (fil-baiti kursiyyun). In this
sentence, the segment ‘In the house’ is
definite advance predicate and the segment
‘a chair’ is an indefinite delayed subject.

3. Noun, adjective and definite article:
There are two types of nouns in Arabic e.g.
definite  (ma’riftun) and  indefinite



(nakiratun) whereas there are seven kinds
of nouns in English. A large number of
nouns in Arabic can have any of the three
case endings. For example- ‘The book’ can
be Al-kitabu, Al-kitabi, Al-kitaba with no
change in its meaning. All the three case
endings will depend on the structure of the
sentence. The tanwiin is generally attached
to indefinite noun or indefinite adjective.
For instance, rajulun (a man), kursiyyun (a
chair), kitabun (a book) etc. Sometimes a
proper noun also has tanwiin but they are
regarded as a definite noun. For instance,
Muhammadun  (Muhammad), Zaidun
(Zaid). In such cases, tanwiin is not
regarded as a sign of indefinite noun. In
English, there are three articles ‘a’, ‘an’,
‘the’. In these three articles, ‘a’, ‘an’ are
indefinite articles whereas ‘the’ is
specified as the definite article. All the
three articles in English appear before the
noun. In Arabic, J (al-) is a definite article
corresponding to the definite article ‘The’.
In Arabic, indefinite state is expressed by
tanwiin or nunation added to the last letter
of the word. When it is prefixed to any
indefinite word (noun or adjective), it
becomes definite. For example- Farsun (a
horse) is indefinite whereas al-farsu (the
horse) is definite. Similarly, mudarrisun (a
teacher), al-mudarrisu (the teacher). When
the definite article (al-) is prefixed to a
word carrying tanwiin, the tanwiin falls
off. Here, it is important to discuss the
concept of hamzatul-wasl. When any word
precedes a word having definite article JI
(al), the last letter of the preceding word is
joined to the 1am J of the second word and
it will be pronounced by joining. The
hamzah alif of JJ becomes silent and is
known as hamzatul-wasl. It is never
pronounced e.g. The door of the house i.e.
‘Baab-ul-baiti’ will be read as Baabul-baiti
(<) &U)). Similarly, ‘This bus’ i.e.
‘Haadhihi al-haafilatu’ will be read and
written as ‘haadhihil-haafilatu’. When JI
is prefixed to a word having one of the
letters of huruuful-shamsi (0 &k (= o=
Ghoe )0 da &) the 1am of the OV is
assimilated into the harful-shamsi i.e. at
the time of pronunciation instead of
reading the lam, the harful-shamsi is
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pronounced. No jazm is written on the 1am
in such a case but a tashdiid is written on
the harful-shamsi e.g. al-rajulu (the man)
will be written and read as ar-rajulu.
Similarly, al-ilah will be allah. It is
noteworthy that the alif of some words
such as ibnun (son), ibnatun (daughter)
and ismun (name) are also hamzatul-wasl.
They are not pronounced when joined to
the preceding word. For example- He is a
son (here ‘huw ibnun’ is read and written
as ‘huwabnun’).

According to Arabic grammar, the noun
qualified (al-mausiifu) and adjective (as-
siftu) have to agree with each other in four
respects: both must have same vowel
marks, both must be definite or definite,
both must either be masculine or feminine,
both must agree in number. For example-
‘The new pen is good’. Here, ‘the new’ is
a definite adjective (as-siftu) and ‘pen’ is
the noun qualified (al-mausiifu). The
Arabic translation will be ‘Al-qalamul-
jadiidu jayyidun’. Here, it is notable that
the adjective in English occurs first and the
noun qualified (e.g. new pen) appears after
it but in Arabic, the noun qualified is
brought first and the adjective later (e.g.
kalamul-jadiidu). Here, it can be easily
seen that as-siftu and al-mausiifu both have
the same vowel marks dammah, both are
definite, both are masculine, and both are
singular. Similarly, ‘new pen’ will be
translated as ‘qalamun jadiidun’. If there
are more than one adjective, they are
brought in the following sequence e.g.
‘The new large beautiful house is
comfortable’. In Arabic, these adjectives
will occur in this order: beautiful (1) large
(2) new (3). Arabic translation will be ‘Al-

baitu al-jamiilu  al-kabiiru al-jadiidu
muriithun’.
4. Pronouns:
There are only two demonstrative

pronouns in English: ‘This’ and ‘That’ and
these demonstrative pronouns are invariant
in respect of noun’s gender. But according
to Arabic grammar pattern, there are
separate  demonstrative pronouns for
masculine and feminine e.g. ‘This’ for
masculine and feminine are haadha and



haadhihi, respectively. Similarly, ‘That’
for masculine and feminine are dhaalika
and tilka, respectively. For example- ‘This
is chair’ in English will be translated in
Arabic as ‘This chair’. Now, here ‘chair’ is
definite and so will be prefixed with
definite article (al-) and it is well known
that it is masculine in Arabic thus ‘this’
must also be masculine. Hence the Arabic
translation will be ‘haadhal-kursiyyu’.
Another example is tilkal-haafilatu (that
car). There are four kinds of personal
pronouns in English e.g., personal pronoun
subjective, personal pronoun objective,
personal pronoun possessive, personal
pronoun possessive adjectives. There is a
need to mention these pronouns here. All
are well known. Now, it is important to
describe the types of personal pronouns in
Arabic and their utilizing patterns. In
Arabic, personal pronouns have 12 forms.
There are two types of personal pronouns
(ad-damiiru) in  Arabic: damiirun
munfasilun (personal pronoun nominative)
and damiirun muttasilun  (personal
pronoun  possessive). Examples  of
damiirun munfasilun are hiya 2 (She),
huwa 3* (He), ‘ant &S0 (you masc.), ‘anti
<l (you fem.), ‘ana Ul (I). The examples of
damiirun muttasilun are his, her, yours, my
etc. It is a notable fact about damiirun
muttasilun that these types of pronouns are
always suffixed to a noun, it can’t carry
tanwiin or the definite article. These
damiirun muttasilun carry fixed vowel
mark irrespective of its position in a
sentence except in case of ‘his’ where it
loses its dammah and gets kasrah
whenever the letter before it is either
saakin or carries kasrah. In English,
possessive pronouns appear before nouns.
But in Arabic, there is an arrangement of
separate suffix for each of the damiirun
muttasilun and they are suffixed to the last
letter of the noun as described in below
mentioned Table 1.

5. Cases, forms of gender, preposition
and conjunction:

The modern English language has just
three cases: subjective (I, you, he, she,
they, it, we), objective (me, you, him, her)

and possessive (my, mine, your, yours, his,
her, hers) which are simplified forms of
nominative, accusative and genitive cases
used in old English writing.

Table 1: Possessive personal pronouns

Damiirun | Suffix
muttasilun
His 3 maktabihi/maktabahu
/maktabuhu (his
office)
Her (1Y maktabiha/maktabha/
maktabuha (her
office)
Your d maktabika/maktabaka
(mas.) /maktabuka (your
office)
Your 4 maktabiki/
(fem.) maktabaki/maktabuki
(your office)
My < maktabi (my office)
(common)
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The modern Arabic has three cases called
at-tashkiilu or ash-shaklu. They are
nominative case (with dammah on last
letter), accusative case (with fathah on last
letter) and genitive case (kasrah on last
letter). For example- waladun (nominative
case), waladan (accusative case), waladin
(genitive case). All the three cases have
same meant ‘a boy’. The nouns in Arabic
are either masculine (muzakkarun) or
feminine (muannasun) whereas there are
four types of gender in English: masculine,
feminine, neuter and common. Mostly the
absence of round ta-marbutah (3) illustrates
that a noun is masculine. A large number
of nouns and adjectives are turned into
feminine by suffixing the round & to them
in last of the word. For ex- khaadimun (a
male servant), khaadimatun (a female
servant). Similarly, mudarrisun (a male
teacher), mudarrisatun (a lady teacher),
ibnun (son), ibnatun (daughter), malikun
(king), maliktun (Queen)). In some words,
alif maqsurah (&) is a sign of the word
being feminine e.g. husna (3) (a
beautiful lady). Some nouns are feminine




without any sign of being feminine. They
are known as muannasun simaiyyun as
heard from the Arabs. However, some
words have 3 at the end; they are masculine
in usage. They refer to males.

In Arabic, prepositions take place before
the noun like English grammar pattern. It
is important to note that the noun coming
after prepositions gets kasrah as its final
vowel mark. Noun with kasrah is called
majruurun i.e. the noun goverened by a
preposition e.g. ‘The teacher is in the
class.” will be translated in Arabic as Al-
mudarrasu fil-fasli. Here, al-fasli (the
class) is majruurun and ‘fi’ (in) is
huruuful-jarri (preposition). Some
prepositions are fi (in), ila (to), ala (on),
min (from), 1i (for), ma’(with), bi (at/in),
hatta (until/till), mundhu (since), ‘an
(about), ka (as). The preposition ‘li’ is
never written detached from majruurun
e.g. lil-waladi (for the boy). Here, li al-
waladi will be incorrect to write. Similarly,
lil-madrasati  (for the school). The
preposition ‘min’(w) loses its sukun on its
last letter and gets fathah when noun with
J is brought after it e.g. minal-madrasati
(from the school), from the market (minas-
suuqi). The conjunctions in Arabic are
called hurtiful-atfi. They don’t produce any
change in the vowel mark of the next
word. They are indeclinable. The
important Arabic conjunctions are ‘wa’ 3
(and), ‘aw’3l  (or), ‘fa’a  (then/so),
‘summa’s  (then), walakin (S5 (but) etc.
For ex- Majidun wa Khalidun (Majid and
Khalid), as-sayyaratu saghiratun
walaakinil-haafilatu kabiiratun (The car is
small but the bus is big). The use of
prepositions and conjunction in both
languages are very similar.

6. Root pattern of past and present tense
verb and future tense formation:

There are two types of sentences in
Arabic: the nominal sentence and the
verbal sentence. A nominal sentence in
Arabic begins with a noun whereas the
verbal sentence is one which begins with a
verb. In Arabic, the word order for a verbal
sentence can either be verb-doer-object or
doer-verb-object. However, the verb-doer-

object order is considered much better. On
the other hand, the sentence follows doer-
verb-object order. The example of a
nominal sentence is ‘Al-waladu
dhaahibun’ (The boy is going). The other
example is ‘Al-hafilatu qadiimatun minal-
kulliyati’ (The bus is coming from the
college). The example of a verbal sentence
is ‘Tajlisu ‘Aayeshatu ‘alal-kursiyyii wa
taqra’ud-darsal jadiida’ (Aayesha sits on
the chair and reads the new lesson). In
English, the past tense verb e.g. ‘wrote’
remains unchanged whether the ‘doer’ is
masculine or feminine, singular or plural.
But in Arabic, the past tense verb varies
according to the gender and number of the
‘doer’. The past tense e.g. ‘he wrote’
(Kataba) is considered to be the initial
point in which some specific suffixes are
attached to get the required gender or
number. Thus, the starting form ‘kataba’
has 14 patterns.

Table 2
Types of doer in Suffixes
Arabic
He (masculine Nil
singular)
Two men | alif
Many men s waw
alif
She & t
Two women G ta
Many women O na
You (masculine & ta
singular)
You (masculine dual) B tuma
You (masculine & tum
plural)
You (feminine o ti
singular)
You (feminine dual) BN tuma
You (feminine plural) & tunna
I (common) & tu
We (common) G na




It is significant to observe that the alif of
the suffix !5 is not pronounced though it
must be written. It is known as alif of
protection or the otiose alif. In Table 2,
numbers 1-6 denote the 3™ person
masculine and feminine and 7-12 imply
the second person masculine and feminine
and 13 & 14 stand for the first person.
According to Arabic grammar rules,
masculine doer must have masculine verb
and feminine doer must have feminine
verb e.g. Khalid wrote (Kataba Khalidun),
Fatima wrote (katabat Fatimatu). For the
expression ‘has or have written’ of
English, the word gad (%) called harfut-
tawkiidi is brought before past tense verb
irrespective of gender e.g. He has written
(qad kataba), we have written (qad
katabna). The Arabic particle ‘qad’ is also
used to show possibility and so nicely
corresponds to the word ‘may’ in English.
In English, to negate past tense verb, the
word ‘did not’ is placed after the doer and
before the verb. But in Arabic, to negate
the past tense verb, the word ma (%) is
placed before the past tense verbs i.e. in
the beginning of the sentence, irrespective
of the gender or number e.g. Maa jalasatil-
bintu ‘ala maktabihaa (The girl did not sit
in her office), Maa dhahabtu ila baiti
mudarrisii fis-sabaahi (I did not go to the
house of my teacher in the morning).

In Arabic, each past tense verb has a
particular present tense verb. Like past
tense verbs there are also fourteen moods
in the conjunction of the present tense
verbs. In this conjugation, particular
prefixes and suffixes are incorporated
together or separately to attain desired
gender or number. The masculine doer
must possess the present tense verb and the
feminine doer must have feminine present
tense verb. In English, present tense verbs
also change according to the doer. For
instance, when the doer is ‘he’ or ‘she’
then most of the present tense verbs are
suffixed by the letter ‘s’ at the end. But
when the doer is ‘you’, ‘I, ‘we’, or ‘they’,
present tense verbs appear in its original
form. For example- ‘He writes’, ‘She
writes’, ‘I write’ and ‘They write’. Clearly,
the present tense verb changes according
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to the doer in English. Thus, the
dependency of present tense verb on doer
in English matches with Arabic. To negate
present tense verb, the word 1a (¥) is
carried before it which corresponds to ‘do
not/does not’ of English e.g. La yaktubul-
waladu (The boy does not write). The
negation particle 1a (¥) of Arabic
corresponds to the negation word ‘do not
or does not’ of English and it appears in
the beginning of the Arabic sentence. The
present tense verb in Arabic contains also
the meaning of future in itself along with
the present which shows resemblance with
English but prefixing it with particles of
future sa ({+) or sawfa (<) corresponds
to ‘will/shall’ of English.

7. Special particles in Arabic:

The particles of negation (htrufun-nafyi)
in Arabic are ‘ma’(%) and ‘l1a’(¥) which
are placed before past tense and present
tense verbs, respectively. They correspond
to the English word ‘not’. The particles of
reply (huruuful-jawaabi) are 3% (naa’m
i.e.Yes) and ¥ (No). When ¥ comes before
a verb, it is called particle of negation. In
Arabic, ya (L&) is the vocative particle
(harfun-nidaa’i) which is equivalent to the
vocative particle O’ of English. For
example- O’ Khalid (In English) will be
Ya Khalidu (in Arabic). The noun after
harfun-nidaa’i is called ‘munaada’. Thus
‘ya’ is harfun-nidaa’i and ‘Khalidu’ is
munaada (i.e. the person being called). In
Arabic, there are also two of-used vocative
particles ‘ayyuhaa’ and ‘yaa-ayyuhaa’ for
‘masculine definite noun’ (O’ boy!) and
‘ayyatuhaa’ and ‘yaa-ayyatuhaa’ for
‘feminine definite noun’ (O girl!),
respectively. For ‘very’ as in ‘very big’,
the word appears in Arabic is jiddan and it
is brought after the adjective unlike the
English in which it comes before the
adjective. It is always irrespective of the
gender of an adjective and is called
‘tawkiidul-khabri’. For example-‘The girl
is very tall’ will be written in Arabic as
‘Al-bintu tawiilatun jiddan’.

8. Concluding remarks:



In this paper, we have presented a short
glimpse of some interesting features of
Arabic grammar through a set of easy
examples. This work describes how the
grammatical sentences in Arabic are
formed and how they differ from rules and
sentence construction of the English
language. This work explains the use of
definite particle in Arabic, subject and
predicate construction, vocative particle,
particles of future, past and present tense
construction, particles of reply and
negation, writing rules of gender, and
some elementary concepts of nouns,
pronouns, adjective, prepositions and
conjunctions. In this work, we have found
that some patterns and rules of both the
languages are the same but some are
exactly opposite. The use and construction
rules of verbs in Arabic are quite different
and harder than English language because
of the inflectional character of verbs.
However, the verb construction matches
well with the Sanskrit pattern. The set of
Arabic consonants forms the basic
meaning of a verb and transforms to the
vowels in between the consonants, along
with suffixes and prefixes, specify
grammatical structures such as gender,
number, tense, and person. The Arabic
language utilizes exceedingly convoluted
and complex grammatical structure as
compared to the English language. The
subject-verb  dependency, grammatical
forms of genders and verb root pattern
makes the Arabic so much complex.
Nomenclature
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Abstract:

In classical mechanics, projectile motion
is a preliminary 2D problem, describes as an
object moving through space under the
influence of a constant downward force. As
a real-life problem, it is important from
playground to defence research lab for
understanding the mechanics of a dropping
ball as well as the preciseness of hitting
dynamics of a missile. So, lots of research
have been done up until the recent past to
understand the motion of a projectile with
air resistance, spinning effect etc whereas a
few studies have been done to understand
the same in the light of special theory of
relativity. However, relativistic projectile
motion finds lots of theoretical importance
in describing the motion of charged particles
with least experimental feasibility. In this
paper, the motion of a projectile using the
basic framework of special theory of
relativity is reviewed; the analytical
calculations are expanded to understand the
physics behind the entire theoretical
outcome in detail.

1. Introduction:

Projectile motion is an important
introductory problem from mathematical
point of view to describe the kinematics of a
throwing ball [1]. In classical physics, it is
described as a two-dimensional motion with
constant gravitational acceleration in
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downward direction along with a uniform
motion in  horizontal direction [2].
Understanding all the features of projectile
motion is essential to study the actual
kinematics in detail [3,4]. Kinematics of
projectile is determined by parameters like
‘time of flight’, ‘range’, ‘and area under the
curve’ [1-5]. All these parameters take new
functional form in the framework of special
theory of relativity. The relativistic
counterpart of Newtonian Projectile motion
in a homogeneous gravitational field in flat
space-time gives the trajectory of a point
mass in simple form by considering the
general theory of relativity [6]. When special
theory of relativity is introduced to tackle
this problem, unlike the non-relativistic
projectile motion the range and the locus of
the trajectory is hyperbolic in nature [7, 8].
In addition, the relativistic falling of a
particle or projectile motion would have
been discussed in two separate cases of
constant force and constant acceleration [8,

9]. Rigorous studies have been done both
analytically  and  graphically  (using
MATLAB) in Ref. [9, 10]. More

fundamentally, it is found, both analytically
and graphically that for relativistic
projectiles, the angle of projection at which
the Range is equal to Maximum Height is
not a constant angle of 76°, rather a value
that depends on speed [11]. As the speed
increases from relativistic to ultra-relativistic
the angle changes from 76° to an upper
value. It is also notable that, the angle does
not depend on mass, sign of charges, or the



downward force, but is only dependent on
the velocity of the projectile [11].

2. The problem and Methodology:

Projectile motion, as we see in real
life situation is basically of two types. It can
be visualized either by throwing the particle
with an angle with the horizontal or by
throwing the particle horizontally with an
initial speed as shown in figure-1. Here we
consider the second situation. To study the
motion of a relativistic  projectile
analytically, a particle of rest mass m
moving with initial velocity u, (along X-
direction), experiencing a downward force
fo 1s taken under consideration as shown in
figure-1. In fact, these two problems could
be solved in both qualitative and quantitative
ways. We consider here the second situation.
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Figure-1 shows the trajectory
(dotted line) of the relativistic
projectile. The dark red ball
represents the particle of mass
m and u, is the initial velocity
of the particle along X-
direction.

As it is a standard projectile problem, the
vertical component increases as time passes
whereas the horizontal component remains
the same. But to keep the resultant velocity
less than the speed of light the vertical
component changes its value in such a
manner that the laws of physics remain the
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same. Thus, the vertical component
automatically coupled with the horizontal
component unlike the classical motion,
where these two  components are
independent. As a result, the trajectory
should not be the parabolic one. This could
be finding out with the help of the
quantitative solution. But before going to
find the qualitative solution, it is essential to
discuss about the constant force and constant
acceleration as they are equivalent in case of
non-relativistic physics whereas both these
are different in relativistic case [7, 8].

3. Constant force and Constant
acceleration:
The relativistic equation of motion is,
p=ymv (1)
Where

y=1/{J1—U.1d/c?)

And c is the velocity of light in free

space. As here momentum is two
dimensional,
ﬁ = p X+ Py:)/}
or, P = myu,® + myu,y .(2)
L, m(uxa? + uyfl)
or, p= Ztul ..(3)
1 -2
C2
Therefore,

u,.cu, + u, U,
p;c = m)/Cuglc + m)/3ux( - xcz z y)
...(4)

And,

2

...(5)
Here prime upon indicates the 1st order time
derivative. As py = f,,and py, = f,; after
some simple arrangement, Eq. (4) & Eq. (5)
can be written as,

/ /

u,.cu, +u,u

I ’ 3 X X Yy
py = myuy +m]/ uy <—>



]
[{n_x<1+z_§>_%z% .(6)

M )
(7

e Now, a constant force, f; acts on the
particle in downward direction, at
=0, f = 0,1, = fo and u,
Uy, Uy = 0 . Thus, in non-relativistic
limit (y —» 1),a, = 0and a,, =
fo/m. Tt is consisted with the
classical formulation of constant
force.

e But as time passes, the y-component
of wvelocity increases. Thus, the
horizontal and vertical component of
force changes it form in a different
manner as given by,

foviuo (Uyat,t=0 T % t)

fx(t) = CZ
And,
2 fo \2
Yi (Uyate=0 + 1)
KO =vefo|1+ E—
Where,
1
Ye =

\/1 - {u% + (Uyaee=0 + %t)z}/c2
These two forces f,(t) and f, (t) in the non-
relativistic  limit  indicate a  linear
acceleration in X-direction along with a
quadratic  acceleration in  Y-direction.
Therefore, in this case, force is not constant
in a particular direction as two components
of accelerations are coupled with each other.
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4. The analytical solution:

To get the solution, we must begin
with Eq. (1)

p=ymv

And Newton’s 2™ law of motion
2 dp
f= dt

4.1 Components of velocity:

Considering the horizontal direction

du,

=0 ...(8)
dt
After integration, using the condition, u,
Uy at t = 0, we obtain,

ym

...(9)

ymu, = ymu, = Po
As,
ymuy = Po
_ymu, ymcu, Cp,
p

Px ...(10)

ym ymc

Similarly, for vertical direction,
by = ymu,,

_dpy duy,

oY = — = (11
a "M at fo (1
Then, integrating and using u,, = 0 at, t
0, the expression for p,, becomes,

py = ymu, = —fot ...(12)
Substitution of Eq. (10) in Eq. (12) leads to

_ —fot _ —fot
ym Po

Uy ...(13)

Uy

In special theory of relativity, the relation
between energy and momentum is,

E? = pic? + m?c*



When initially particle moving with highest
velocity, (i.e., when p,, = 0 ), we can write,

pZc? = pic? + m3ct
or pZ = p§ + m?c? ...(14)
Hence, using Eq. (12)
p? =pi +py =p; + mic? + fit?
.(15)

Therefore, substituting the value of p from
Eq. (15) in Eq. (10), the x-component of
velocity is as given below,

uy(t) = = 16
O T ge 09
Whereas, Y-component of velocity could
also be found from Eq. (13) as,
® cfot
u = ...(17
O rrma s ge 0
Thus the magnitude of velocity will be
v: =vi+v]
_ (3 + P fd)
© (m2c? + p2c? + f2t2)
is a function as a function of time where
2 4 242
) =c |—P2 o .(18)

2.2
m2c? +pg + fot

is always less than speed of light and it
approaches the speed of light as time
approaches to infinity.

4.2 Arbitrary Position :

Integrating Eq. (16), we have,
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J-dx(t):f PoC/fo dt
[t
2 2
_ miet LB L
x(t) = fo] fo +f +t

Therefore, asatt =0,x =0

(t)—?l

{fot +m2c? + pZ + foztz}

Jym2c? +pj
...(19)
Similarly, integrating Eq. (17), y(t) could

be find out as if we consideratt = 0,y =

0,
y(®) = —]%K\/mzcz + 13 +f02t2)

...(20)
Using the relativistic definition for energy

E? = P%c? + m?c*

EZ ...(21)
C2

Substituting Eq.(1), in Eq. (19) and Eq.
(20), we obtain arbitrary, x, and y co-
ordinate as,

po+mc

/ _§+(f0t)2\]
()—
o ()
. (22



o E? 5 E, i
Y(t)——E =T () |-—+

...(23)
Where H is the height from which the
particle starts its journey. It is also to be
noted that if we consider, att =0,x =0

Eq. (23) becomes,
E? E,
/C—Z + (fot)? | — "y

.(24)

y(t) = 7

4.3 Time of Flight:

Time of flight is literally the time elapsed by
the particle to reach the horizontal line. If t
is the time of flight, then from Eq. (23), we
can find its value [taking,att = 1,y(t) =
0}, as,

(@H{)H

fo

...(25)

T =

4.4 Horizontal Range:

Horizontal range (R) being the maximum
distance travelled by the particle after the
time span T can easily be obtain from Eq.
|
R=—
fo

(23) as,
- /foT+ f—§+(fof)2\]
()
".26)
poc|, (\/(@+H)h+ +(@+H)H\‘
|

)

ﬁ|§ﬁt§E§§
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4.5 Trajectory:

On simplifying Eq. (22) and Eq. (24), the
equation oh Trajectory becomes,

E
0 Icosh <f°—x> — 1]
fo p,C
...(27.2)
While, using Eq. (22) and Eq. (23) we can

y(x) =

arrive at,
—E
y(x) = 0 [cosh <f°—x> -1+ h)l
fo P,
...(27.b)
Hence, both these trajectories are

Hyperbolic or catenary in nature rather than
parabolic. If we take the asymptotic solution

0
...(2;.C)

Now it is easily established that when the
velocity becomes much less than the speed
of light, the trajectory becomes parabolic as
it is found for Newtonian projectile.

—E,
2f,

y(x) =

5. Conclusion:

We have reviewed and described the
analytical calculations related to all the
features of relativistic projectile. It serves
the purpose of a good pedagogical exercise
to the well-known problem of semi-classical
as well as relativistic mechanics. By
considering the resistive and spinning force
associated with the particle, it is possible to
explore it further.
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